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CHAPTER I 
INTRODUCTION
P artic ipa tion  by  ch ild ren  in com petitive sp o rts  p rogram s has in creased  
considerab ly  w ithin th e  p a s t 20 y e a rs , in p a r t  because  of th e  in c reased  
num ber of com petitive sp o rts  p rogram s available fo r ch ild ren  (59 ). F u r ­
th erm o re , ch ild ren  a re  becom ing in creas in g ly  involved  a t yo u n g er ages 
(48 ). F re q u e n tly , th ese  p rogram s a re  v e ry  p h y sica l, and actively  com pet­
itive  w ith little  considera tion  g iven  to  how th e  ch ild ren  may resp o n d  o r 
ad ap t to th e  s tre n u o u s  e x erc ise . I t  is tac itly  assum ed th a t ch ild ren  sp o rts  
p a rtic ip a n ts  will experience  the  same physiological and  physica l b en efits  as 
would ad u lt p a rtic ip a n ts .
The e ffec ts  of exerc ise  tra in in g  on ad u lts  have been  well re se a rc h e d  
(56, 57, 63, 73). The American College of S p o rts  Medicine (1 ) has p u b ­
lished  gu idelines fo r ad u lt exerc ise  tra in in g . S evera l c r ite r ia  m ust be 
sa tis fied  to achieve e ffective  exerc ise  tra in in g . The du ra tion  is re c ­
ommended as no less th an  15 m inu tes, th e  freq u en cy  no less th an  3 times 
p e r  w eek, and  th e  in te n s ity  no less th an  betw een 60 and  70 p e rc e n t of the  
in d iv id u a l's  maximum h e a r t  ra te .  T he exerc ise  mode se lec ted  to p roduce  
the  stim ulus should  involve la rg e  m uscle g ro u p s (w alk ing , ru n n in g , swim­
m ing, a n d /o r  b icy c lin g ). D efinitive inform ation on tra in in g  gu idelines fo r 
ch ild ren , especially  p re p u b e sc e n t c h ild ren , is no t n early  as a b u n d an t.
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T he da ta  available on th e  physio logical and  physica l resp o n ses  of 
p re p u b e sc e n t ch ild ren  to a th le tic  pa rtic ipa tion  a re  lim ited to ice hockey 
(19, 20, 21), swimming (2 , 4, 7, 13, 16, 19, 29, 30, 43, 67, 69, 76), 
ru n n in g  (14, 22, 24, 25, 40, 44, 50, 66, 70, 75), b icycling  (26, 27, 49), 
and  w restlin g  (17, 61). T he re s u lts  a re  in co n s is ten t w ith re g a rd  to the  
physio logical and  ph y sica l adap ta tions of th e  ch ild ren  involved .
T he data  re la tiv e  to th e  aerobic re sp o n ses  of p re p u b e sc e n t ch ild ren  to 
tra in in g  a re  inconclusive . Maximum aerobic pow er (max V 0 2) in c reases  
have  been  re p o rte d  in some cases (14, 23, 24, 25, 26, 28, 46, 69) and  no 
changes have  been  rep o rte d  in  o th e rs  (11, 20, 22, 25, 66, 75). Maximum 
h e a r t  ra te  resp o n ses  also v a rie d  show ing im provem ents ( i . e . ,  d ecreases  fo r 
the  same w ork loads) (11, 66) o r no change (11, 20, 24, 28, 46, 69, 75). 
Submaximum oxygen consum ption (V 0 2) re sp o n ses  have also shown im prove­
m ents (d ec rea se s  fo r the  same w ork load) (2 2 ), o r no change (7 5 ). In 
those  s tu d ies  th a t  re p o rte d  on submaximum h e a r t  ra te  re sp o n se s , im prove­
m ents (d e c re a se s)  (46, 65, 75) o r no change (14) w ere found .
Few s tu d ies  have re p o r te d  da ta  on anaerobic tra in in g  in  ch ild ren . 
A thletic  ch ild ren  w ere re p o r te d  to have  g re a te r  anaerobic  pow er and  
anaerob ic  capacity  th an  n o n -a th le tic  ch ild ren  (50). R eports of s tu d ies  
u tiliz ing  m uscle b iopsy  analysis ind ica te  th a t su b s tan ces  a ffec tin g  anaerob ic  
perfo rm ance capab ilities , such  as p hospho fruc tok inase  (P F K ), adenosine 
tr ip h o sp a te  (A T P ), c rea tin e  p h o sp h a te  (C P ), and  g lycogen , may be 
in c re a sed  as a re s u lt  of a lth le tic  o r exerc ise  tra in in g  (26, 27).
Body composition s tu d ies  fo r the  m ost p a r t  ind icate  no changes in  
body  fa t  o r lean m ass as a r e s u l t  of tra in in g  (16, 17, 46, 54). An excep ­
tion to th ese  re s u lts  may be  found  in one s tu d y  which ind ica ted  th a t  even
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though  th e re  was a n o n -s ig n ifican t p o s t- tra in in g  w eight ch ange , lean 
tis su e  had  in c reased  and  fa t  tis su e  had  d ecreased  (26 ).
Data on young  ch ild ren  w re s tle rs  a re  v e ry  lim ited. In  an a b s tra c t,  
C larke e t al. (17) re p o r te d  the  physiological and  p h y sica l re sp o n ses  of 7-9 
y e a r old boys who had  p a rtic ip a te d  in a 3-m onth w restlin g  program . 
In s ig n ifican t changes w ere found  fo r body fa t  and  max V 0 2 . Sady e t al. 
(61) have re p o rte d  da ta  on the  body composition and  physica l dim ensions 
of young , experienced  ch ild ren  w re s tle rs . T he w re s tle rs  w eighed le s s , 
had  a lower p e rc e n t body fa t ,  and  lower sk info lds th an  a g roup  of com par­
ison boys of sim ilar age.
Fox and  Mathews (31) ind icate  th a t  the  e n e rg y  system  requ irem en ts  of 
w restlin g  a re  approxim ately  90% anaerobic and  10% aerob ic . T his means 
th a t  the  PFK, ATP, CP, and  glycogen com ponents of the  involved m uscula­
tu re  m ust be maximally developed if optimum en erg y  supp lies a re  to be 
rea lized . W restling is a trem endously  s tre n u o u s  ind iv idua l sp o rt and  the  
achievem ent of success re q u ire s  the  in d iv id u a l’s to ta l commitment. The 
w re s tle r  m ust lea rn  how his body resp o n d s to tra in in g  and  th en  p u rsu e  
those  tra in in g  m ethods th a t  a re  su ccessfu l fo r him.
P rio r to com petition, w re s tle rs  reduce  th e ir  body w eight as much as 
possib le  in  an e ffo rt to im prove q u ick n ess . T his w eight loss is accom­
p lish ed  in 4 days o r less by  sw eating , s ta rv a tio n , d e h y d ra tio n , and  some­
times p u rg in g , and  th e  u se  of d iu re tic s . Once th e  a th le te  has officially 
"w eighed in ” , he tr ie s  to rega in  h is s tre n g th  by  in g es tin g  la rg e  q u an titie s  
of food and  flu id . Ingestion  of food and  flu id  re s u lts  in a gain in  body 
w eigh t, b u t  th e re  is simply in su ffic ien t time fo r the  m uscle g lycogen 
s to re s , which w ere dep le ted  d u rin g  the  w eight loss p e rio d , to be re p le n ­
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ish e d . The re s u lt  is th a t th e  w re s tle r  actually  e n te rs  in to  com petition in a 
w eakened condition . I t  is n o t u n u su a l fo r w re s tle rs  to lose 8-10% o r more 
of th e ir  g ro ss  body w eight in th e  3 o r 4 days befo re  a m atch (37 ). This 
cycle is rep e a te d  fo r ev e ry  tournam ent o r m eet p a rtic ip a te d  in .
I t  is unknow n w hat resp o n ses  w restlin g  tra in in g  m ight elicit in young 
p re p u b e sc e n t ch ild ren  w re s tle rs . L ittle  da ta  e x is ts  re g a rd in g  the  c h a rac ­
te r is tic s  of experienced  ch ild ren  a th le te s  and  th e ir  re sp o n ses  to additional 
in ten siv e  tra in in g . T he re s u lts  re p o rte d  to date  have  in v es tig a te d  these  
qualities in swimmers (19) and  ice hockey p lay e rs  (20, 21). The p u rp o se  
of th is  s tu d y  was to in v es tig a te  the  physio logical and  ph y sica l e ffec ts  of 
an in ten siv e  7-week summer w restlin g  camp on ex p erien ced  p rep u b e sc e n t 
w re s tle rs . E very  sum m er, th e  E x p lo re r 's  W restling Club of Omaha con­
d u c ts  an in ten siv e  7-week w restlin g  camp. Y oung, se rio u s , experienced  
w re s tle rs  from th e  Omaha a rea  and  th e  su rro u n d in g  s ta te s  a re  in v ited  to 
p a rtic ip a te . Five days a week fo r 8 h o u rs  a d ay , th e  w re s tle rs  receive 
rig o ro u s  aerobic and  anaerob ic  tra in in g  and  im prove th e ir  w restlin g  p e r ­
form ance capabilities by  m aste rin g  new skills and  p e rfe c tin g  e x is tin g  ones.
REVIEW OF LITERATURE
T he effec ts  of ex erc ise  tra in in g  on th e  aerobic and  anaerob ic  capabili­
tie s  of ch ild ren  and  on th e ir  body composition a re  of in te re s t  fo r  two 
rea so n s : (1 ) th e  involvem ent and  p a rtic ip a tio n  of young  ch ild ren  in com­
p e titiv e  sp o rts  and  exerc ise  tra in in g  program s is in c re a s in g , and ; (2 ) the  
p rev io u s  re se a rc h  in th ese  a reas  has y ielded  inconclusive a n d /o r  co n trad ic ­
to ry  re s u l ts .
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C hild ren  a re  fre q u e n tly  view ed as m iniature ad u lts  w ith re sp e c t to the  
physio logical and  physica l changes th ey  a re  expec ted  to ex h ib it in reponse  
to a th le tic  tra in in g . As will be seen , re c e n t re se a rc h  su g g e s ts  th a t  ch ild ­
re n  may n o t resp o n d  to a th le tic  tra in in g  in the  same m anner as ad u lts . 
Reviews of the  l i te ra tu re  concern ing  a th le tic  tra in in g  in ad u lts  (57, 63, 73) 
ind ica te  th a t  c e rta in  rep o n ses may be an tic ip a ted . A erobic tra in in g  g e n ­
era lly  re s u lts  in beneficial physio logical and  physica l ad ap ta tio n s . Among 
th e se  changes a re  decreased  re s t in g  and  submaximum h e a r t  r a te s ,  as well 
as in c re ased  ph y sica l w orking  capacity  and  maximum aerob ic  pow er (max 
V 0 2) .  Concom itantly, an a lte ra tio n  occu rs in body composition w ith a 
red u c tio n  in body fa t co n ten t. A naerobic tra in in g  does n o t seem to a ffect 
th e  h e a r t  ra te  o r body composition b u t i t  does seem to in c rease  the  capa­
city  to perform  anaerobic  w o rk .
The following lite ra tu re  review  will examine the  e ffec ts  of exercise  
tra in in g  in ch ild ren  u s in g  2 basic  d esig n s: (1 ) c ro ss-sec tio n a l s tud ies
w hich compare the  c h a ra c te r is tic s  of ch ild ren  p a rtic ip a tin g  in o rgan ized  
a th le tic  o r ex erc ise  tra in in g  regim ens with ch ild ren  who a re  no t affilia ted  
w ith such  p rogram s ( th e  so-called  "norm ally active  c h ild ren " )  o r which 
com pare "active" (u su a lly  determ ined  by  some so r t  of q u es tio n n a ire ) and  
"inactive" ch ild ren , and ; (2 ) long itud inal s tu d ies  which examine the  
changes occu ring  o v er a p e rio d  of time due to some so r t  of a th le tic  or 
ex erc ise  tra in in g  p ro g ra m . A dditionally , ce rta in  lim itations a re  p laced  on 
bo th  c ro ss-sec tio n a l and  long itud inal s tu d ie s  due to se lf-se lec tion  of the  
su b je c ts . P e rh ap s th e  more physiologically  and  physica lly  g ifted  ch ild ren  
will e lect to  p a rtic ip a te  in sp o r ts  and  ex erc ise  p rogram s because  th ey  have 
p rev io u s ly  ex p erien ced  success in sim ilar e n d eav o rs . C onverse ly , ch ild ren
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lack ing  th ese  physio logical and  physica l capab ilities may te n d  to avoid 
a c tiv itie s  th a t  ra re ly  lead to s u c c e s s .
I t  m ust be made c lear a t th e  o n se t, th a t many of the  s tu d ies  dealing
/
w ith ch ild ren  span  a re la tiv e ly  wide age ra n g e . F u rth e rm o re , secondary  
sex u al c h a ra c te r is tic s  a re  no t always u sed  to d iffe ren tia te  the  sub jec ts  
developm entally ; Many of th e  re se a rc h e rs  c lassified  th e ir  su b jec ts  by  
chronological age only . T he o n se t and  d u ra tio n  of p u b e r ty  v a rie s  con­
s id e rab ly  w ith the  re s u lt  th a t  p u b e sce n t you th s may ran g e  betw een 8 .5  
and  18.5 y ea rs  old (47 ). P u b e rty  is a time when chang ing  horm onal 
sec re tio n s  re s u lt  in rap id ly  grow ing bod ies , and  in c reases  in m uscular 
developm ent, m etabolism , and  functional capacity  (41 ). As m uch as 
p o ss ib le , an accu ra te  physio log ical developm ent s ta te  is p re fe r re d  ov e r a 
simple chronological age fo r su b jec t d escrip tio n .
A erobic T ra in in g  in C hild ren  
A thletic v s .  N on-ath le tic  C hild ren
V arious c ro ss-sec tio n a l s tu d ie s  have exam ined boys and  g irls  ran g in g  
in age from 6 y ea rs  to the  u p p e r  te e n s . The su b jec ts  have been  vario u sly  
d esc rib ed  as active  o r  inac tive  (8 , 62 ), o r  as p a rtic ip a n ts  in  sp o r ts  in c lu d ­
ing  ice hockey (19, 20, 21), ru n n in g  (14, 22, 24, 25, 40, 44, 66, 70, 75), 
swimming (2 , 4 , 7, 13, 16, 19, 29, 30, 43, 52, 67, 69, 76), b icyc ling  (26, 
27, 49 ), fie ld  hockey and  gym nastics (62 ).
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P re p u b esce n t ch ild ren
Bailey (8 ) ca tego rized  young  C anadian school ch ild ren  (100 g irls  
and  150 bo y s) as active  o r inac tive  th ro u g h  analysis  of a ph y sica l fitn e ss  
q u estio n n a ire . When max V 0 2 was e x p re sse d  re la tiv e  to body w eight 
(m l/k g /m in ) active  ch ild ren  had  a g re a te r  mean value a t all ag es. Betw een 
ages 8 and  11, th e  ac tive  c h ild ren 's  mean was 58.4  m l/kg /m in  com pared to
53.5 fo r  inac tive  ch ild ren . T hese values w ere estim ated  from g ra p h s .
M assicotte and  MacNab (49) te s te d  36 boys (ag es 11-13) on a b icycle 
e rgom eter befo re  and  a f te r  6 weeks of b icycle  ergom eter tra in in g . T h ree  
g ro u p s tra in e d  (HR: 170-180, 150-160, and  130-140 b e a ts /m in , re sp ec tiv e ly ) 
and  1 g roup  se rv e d  as a n o n -tra in in g  com parison g ro u p . T ra in in g  
sessions w ere 3 times a week fo r 12 m inutes a sess ion . Submaximum (450 
kpm /m in) HR (m ean ± S .E .)  was d ecreased  (p< .01 ) in  all 3 tra in in g  
g ro u p s : 149.6 ± 6.37 to 133.8 ± 5 .17 , 163.2 ± 3 .8  to 151.1 ± 4 .8 3 , and
168.7 ± 4 .30 to 153.0 ± 5 .20 , re sp ec tiv e ly . The com parison g roup  d is ­
p layed  no ch an g e . Subm ax V 0 2 (m l/kg /m in ) and  max HR did no t change 
(p> .05 ) fo r any  of th e  g ro u p s . Max V 0 2 was in c reased  only fo r the  
170-180 HR g ro u p : 46.7  ± 2 .5  to 51.8 ± 2 .0 , p c .O l. Maximum w ork loads
(kpm /m in) w ere in c re ased  fo r  th e  3 tra in in g  g ro u p s following the  s tu d y : 
1000 ± 43 .3  to 1250 ± 5 5 .9 , 916 ± 39.1 to 1133 ± 50 .7 , and  833 ± 44.1 to 
1017 ± 41 .7 .
In  an o th e r s tu d y  (6 2 ), active  and  inac tive  boys and  g irls  w ere te s te d  
on a b icycle e rgom ete r. T he active  ch ild ren  w ere involved in swimming, 
b icyc ling , fie ld  hockey , an d  gym nastics and  h ad  tra in e d  1-1^ h o u rs  a 
se ss io n , 4-5 sessions p e r  w eek, fo r  a t le a s t one y e a r . At ev e ry  ag e , max 
V 02 (m l/kg /m in ) was g re a te r  fo r  boys th an  fo r g ir ls . A lso, boys 12 y ea rs
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and  o lder had  a h ig h e r  mean max V 0 2 th an  did  y o u n g e r boys. The values 
fo r active  and  inac tive  boys ra n g e d  from 42-48 m l/k g /m in , considerab ly  
less th an  th e  ran g e  of m eans re p o r te d  fo r sim ilar aged  ch ild ren  in the  
s tu d y  by  Bailey (8 ) .
In  a s tu d y  of 10 y e a r old hockey p la y e rs , C unningham  e t al. (21) 
m easured  p h y sica l w ork capacity  a t a HR of 170 (p h y sica l w ork capacity  
170, o r PWC170) and  max V 0 2 on a b icycle e rgom ete r. A con tro l g roup  
was n o t u se d , in s te a d , th e  PWC170 re s u lts  w ere com pared w ith the  re s u lts  
ob ta ined  from C anadian ch ild ren  of th e  same age (Howell and  MacNab, 38) 
and  th e  max V 0 2 values w ere com pared w ith num erous s tu d ies  in th e  
l i te ra tu re . The PWC170 score  was rem arkab ly  h ig h , 14.6 + 2.48
k gm /kg /m in  (79th  p e rc e n tile ) . T he a th le te s ' mean max V 0 2 (m l/kg /m in ) of
56.5 + 1.73 was qu ite  h igh  fo r ch ild ren  th is  age.
Hamilton and  A ndrew  (35) com pared the  physio logical re sp o n ses  to 
b icycle  e rgom eter w ork betw een 12 p re p u b e sc e n t ice hockey p lay e rs  and a 
m atched (fo r  a g e , h e ig h t, and  w eigh t) inac tive  con tro l g roup  (n  = 10). 
The ice hockey p lay e rs  h ad  1 o r more y ears  p r io r  experience  and h ad  ju s t  
com pleted a 28-week season . No d iffe rences (p> .05) w ere found  betw een 
g ro u p s fo r  HR o r V 0 2 a t 3 submaximal w ork loads on a m echanically 
b ra k e d  bicycle  ergom eter (240, 360, and  480 kpm ). The mean HR d iffe r­
ence betw een g ro u p s was only th re e  b ea ts /m in  fo r  each w ork load. The 
mean subm ax V 02 d iffe ren ces ran g e d  from .5 to 2 .4  m l/kg /m in . The 
subm ax V 0 2 va lues w ere estim ated  from g r a p h s .
M ayers and  G utin (50) determ ined  th e  treadm ill submaximum and  
maximum V 0 2 and  HR sco res of male c ro s s -c o u n try  ru n n e rs  (n  = 8) and  
n o n -tra in in g  boys (n  = 8 ) , all 8 .3 -1 1 .8  y ea rs  o ld . The ru n n e rs  had  a
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g re a te r  max V 0 2 (56 .6  v s . 45.6  m l/kg /m in ) th an  th e  com parison su b jec ts  
(p< .001 ). At all submaximal speeds (5 , 6, and  7 m ph) th e  ru n n e rs  had  
sign ifican tly  low er V 02> and  HR sco res ( th e  sign ificance levels w ere no t 
in d ic a te d ) . The following va lues a re  mean d ifferences a t 5, 6, and  7 mph
fo r $0 2 (m l/kg /m in ) and  HR (b e a ts /m in ) , re sp ec tiv e ly : 2 .40 , 34; 2 .66 ,
35, and ; 2 .15 , 33.
K rahenbuh l (44) com pared 10 sk illed  and  10 u nsk illed  8 y e a r  old boy 
ru n n e rs  fo r max V 0 2 , max HR, ru n n in g  sp e ed , and  d is tan ce  covered  
d u rin g  5 - , 7 - , and  9-m inute ru n s .  B ased  on th e ir  perform ance on th ese  
r u n s ,  th e  boys w ere c lassified  as sk illed  ru n n e rs  (above th e  m edian) o r 
u n sk illed  ru n n e rs  (below th e  m edian). T h ere  w ere no d iffe ren ces (p> .05) 
betw een g ro u p s fo r max V 0 2 (53 .5  + 5.80 v s .  49 .4  + 4 .20 m l/kg /m in ) o r 
max HR (194 + 11.9 v s . 203 + 9 .1  b e a ts /m in ) .
In  th e  only s tu d y  in v es tig a tin g  com petitive w re s tlin g , C larke e t al.
(17) m easured  th e  max V 0 2 and  HR resp o n ses  in 7-9 y e a r  old boys befo re  
and  a f te r  a 3-m onth com petitive w restlin g  tra in in g  p rog ram . A g roup  of 
com parison boys of sim ilar age con tinued  w ith th e ir  p re -e x p erim en ta l 
ac tiv ity  leve ls . T he w re s tle r s ’ 6 .6  m l/kg /m in  mean in crease  in max V 0 2 
was n o t sign ifican tly  g re a te r  (p> .05 ) th an  th e  com parison b o y s ' change . 
L ikew ise, changes in max HR w ere n o t found  to d iffe r  sign ifican tly  (p> .05) 
betw een g ro u p s . Arm e n d u ran ce  (a s  determ ined  b y  b a r  d ips and  ch in - 
u p s )  im proved sign ifican tly  in the  w re s tle rs  re la tiv e  to th e  com parison 
boys (p < .0 5 ). T hese  da ta  w ere p re se n te d  in a b s tra c t  form , th e re fo re ,
little  de ta iled  inform ation was availab le.
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P u b escen t ch ild ren
G
A stran d  (4) s tu d ied  30 g ir l  swimmers, ages 12-16, 27 of whom had  
reach ed  m enarche . T he swimmers’ mean max V 0 2 , (51 .6  m l/kg /m in , swim­
m ing, and ; 4 8 .0 , bicycle e rgom ete r) was in c reased  10% over n o n -ac tiv e  
g irls  the  same w eigh t. S ta tis tica l sign ificance was no t in d ica ted .
Cunningham  and  Eynon (19) u sed  a b icycle  ergom eter to m easure  the  
PWC170 and  max V 0 2 of male (ag es 10 .0 -15 .4  y e a rs , n = 24) and  female 
(ages 11 .8 -16 .0  y e a rs , n  = 19) swimmers. PWC170 in c reased  w ith age in 
bo th  sexes and  was g re a te r  fo r active  ch ild ren  (m ales, 851 v s . 1285; 
fem ales, 683 v s . 844 k g m /m in ). A lthough max V 0 2 (1 /m in) in c re ased  w ith 
age in bo th  se x es , w eight in c reases  in  the  females w ere g re a t enough to 
r e s u lt  in a d ecreased  max V 0 2/b o d y  w eigh t. Max V 0 2 values (m l/k g /m in ) 
fo r the  y o u n g e r and  o lder ages w e re : males = 52.5 + 1.30 v s . 56.6 +
1.61; females = 46.2  + 2.74 v s .  40.5 + .95. The a u th o rs  did no t ind icate  
if th ese  d iffe ren ces w ere s ta t is t ic a lly  s ig n ifican t.
Hamilton and  A ndrew  (35) com pared 13 p u b e sce n t male ice hockey 
p lay e rs  w ith m atched ( th e se  boys were chron ically  active  in s tre n u o u s  
p h y sica l tra in in g  and  w ere of sim ilar ag e , h e ig h t, and  w eigh t, n  = 6) and  
unm atched  (n  = 11) b o y s , all betw een 16 and  18 y e a rs  old . The a th le te s  
h ad  low er (p< .01) mean HRs a t each of 3 submaximum w ork loads on a 
m echanically b ra k e d  bicycle e rgom eter. T he mean HR (b ea ts /m in ) and, V 0 2 
(m l/k g /m in ) d iffe ren ces re sp ec tiv e ly  betw een th e  a th le te s  and  th e  
unm atched  boys w ere: 300 kgm = 15 and  2 .51; 600 kgm = 12 and  1 .41 ,
and ; 900 kgm = 13 and  7 .59 . T he d iffe ren ces betw een the  a th le te s  and  
th e  m atched boys re sp ec tiv e ly  fo r  the  3 w ork loads w ere: 300 kgm = 20
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and  .79; 600 kgm = 17 and  4 .22 ; and  900 kgm = 24 and  2 .78 . At any 
g iven  HR, th e  a th le te s ’ V 0 2 was lower th an  th e  unm atched  b o y s’ and 
h ig h e r  th an  th e  m atched b o y s . The HR and  V 0 2 d a ta  w ere determ ined  
from g ra p h s . S ignificance was no t in d ica ted .
B agnall and  K ellett (7 ) exam ined 31 ex p erien ced  p o ten tia l ' Olympic 
swimmers (age  ran g e  fo r 9 males = 13 .4-19 .7  an d  fo r 12 females =
1 2 .8 -16 .9 ) who tra in e d  an av erag e  of 10 km /day  and  com pared th e  re s u lts  
w ith f in d in g s from th e  l i te ra tu re  on sim ilar age , inac tive  c h ild ren . Av­
e rage  max V 0 2 (m l/k g /m in ) va lues fo r the  males was 56.3 and  fo r  fem ales,
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46 .6 . The a u th o rs  p re d ic te d  max V 0 2 from th e  re s u lts  of a b icycle 
ergom eter PWC170 te s t .  The values p re se n te d  h e re  w ere calcu lated  from 
V 0 2/le a n  body w eight sco res and  g ro ss  fa t  w eight d a ta  re p o r te d  by  the  
a u th o r s .
T ra in in g  S tud ies
The m ajority  of the  tra in in g  (lo n g itu d in a l) re se a rc h  is sim ilar to the  
c ro ss -sec tio n a l s tu d ies  in  th a t  chronological ages r a th e r  th an  developm ental 
s ta g es  a re  u se d  to d esc rib e  th e  su b je c ts . In  some c a se s , th e  in itia l age 
ran g e  of the  su b jec ts  could easily  include p u b e sce n t and  p rep u b e sc e n t 
ch ild ren  (13, 14, 22, 23, 24, 26), while in o th e rs , th e  d u ra tio n  of the  
s tu d y  was easily  long enough fo r  the  su b jec ts  to have a rr iv e d  a t a new 
developm ental level b a sed  on th e ir  age a t th e  o n se t of th e  s tu d y  (13, 14, 
23, 25, 26, 27).
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P re p u b esce n t ch ild ren
Ekblom (25) com pared tra in in g  (ru n n in g  and  gam es) and  n o n -tra in in g  
b o y s , all 11 y e a rs  old a t th e  s t a r t ,  a t 6-m onth in te rv a ls  o v er 32 m onths. 
A fter 6 m onths, treadm ill max V 0 2 (m l/k g /m in ) h ad  in c re ased  10% in th e  
tra in in g  boys (n  = 6) b u t was u n ch an g ed  in the  n o n -tra in in g  boys (n  =
7 ). O ver th e  e n tire  32-m onth s tu d y , max V 0 2 in c re ased  7% in bo th  
g ro u p s (n  = 5 and  4 fo r tra in in g  and  n o n -tra in in g  boys re sp e c tiv e ly ) , 
in d ica tin g  th a t  no d iffe ren ces in max V 0 2 w ere a tt r ib u te d  to tra in in g . I t  
is v e ry  possib le  th a t m any, if n o t all, of th e se  su b jec ts  e n te re d  
p ubescence  d u rin g  the  cou rse  of th is  s tu d y .
D aniels and  O ldridge (22) s tu d ied  6 boys (ages 10-15) ov e r a 22
m onth program  of ru n n in g  tra in in g . The in te n s itiy  and  freq u e n cy  of
  ♦
tra in in g  was n o t well defined . The au th o rs  found  th a t  submaximum V 0 2
(m l/k g /m in ) d ecrea sed  (p < .0 1 ), 52.0 + 1.22 to 45.5  + .98, fo r iden tica l 
submaximum ru n n in g  s p e e d s . In c re ase s  in  max V 0 2 w ere m atched by  
w eight c h an g e s , re su ltin g  in no changes in max V 0 2 p e r  body w eigh t. A 
com parison g roup  was no t u tilized , in s te a d , th e  re s u lts  w ere com pared w ith 
norm s fo r  m idw estern  boys th e  same age (58 ).
B aggley and  Cumming (6 ) m easu red  th e  PWC170 (k g m /k g /m in ) and  
max V 0 2 (m l/k g /m in ) of 30 W innepeg ch ild ren  (16 males and  14 fem ales, all 
aged  9-12 y e a rs )  o v e r one y e a r . No changes (p> .05 ) w ere found  fo r 
PCW170 (15 .8  v s . 15.9) o r fo r max V 0 2 (45 .1  v s . 5 0 .1 ) .
Brown e t al. (14) s tu d ied  12 female c ro s s -c o u n try  ru n n e rs  and  8 
com parison g ir ls  (a ll aged  8-13 y e a rs )  o v er a 12-week p e rio d . Max V 0 2
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(m l/k g /m in ) in c re ased  18% and  26% in the  ru n n e rs  a t 6 and  12 w eeks
re sp e c tiv e ly . T he com parison g irls  h ad  no changes in max V 0 2 a t 6
w eeks, and  w ere n o t m easured  a t 12 w eeks. B oth g ro u p s ex p erien ced
declines in maximum and submaximum HR. A fter 6 w eeks, mean maximum
HR d ecreased  4 .5  and  3 .6  b ea ts /m in  in ru n n e rs  and  com parison g irls
re sp e c tiv e ly , while submaximum HR d ecreased  4 .8  and  3 .4  b ea ts /m in .
A fter 6 w eeks, th e  r u n n e r s ’ maximum and  submaximum HR h ad  d ecreased
by  5 and  6 .8  b ea ts /m in  re la tiv e  to p re - tra in in g  v a lu es . T he com parison
g ir ls  show ed no changes a t 6 w eeks and  w ere no t m easured  a t 12 w eeks.
The a u th o rs  fe lt th e ir  sample size was too small to a ttem pt a s ta tis tic a l
analy sis  of th e  d a ta . T he mean d iffe ren ces re p o rte d  h e re  w ere calcu lated
from ind iv idua l da ta  re p o rte d  by  th e  a u th o rs .
*
E riksson  (26) re p o rte d  max V 0 2 da ta  and  attem pted  to c o rre c t fo r 
g row th  d iffe ren ces by  e x p re ss in g  max V 0 2 p e r  body h e ig h t sq u a re d  and  
by  body  w eigh t. In c reases  of 14% ( .8 2  to .92 1/m2 , p< .001) and  16% (41 .8  
to 48 .5  m l/k g /m in , pc .001 ) w ere found  in 12 boys ages 9-13 y e a rs  over a 
16-week tra in in g  p e rio d . T ra in in g  co n sis ted  of an h o u r o r more of in te r ­
vals and  gam es, 3 times a week p lu s a 1-week s tin t  a t a m ountain camp 
w hen th e  boys tra in e d  3-4 h o u rs  a day a t an in te n s ity  of 70-80% of th e ir  
max V 0 2 (estim ated  from p u lse  r a t e ) . T hese  re s u lts  w ere com pared w ith 
m easurem ents tak en  from 16 co n tro l b o y s. T he con tro l boys w ere 6 .9  kg  
l ig h te r , .07 m s h o r te r ,  and  .5 y e a rs  y o u n g er th an  th e  tra in in g  b o y s. 
F u rth e rm o re , th e  con tro l g ro u p ’s max HR and  max V 0 2 w ere 4 b ea ts /m in  
and  7.1 m l/kg /m in  g re a te r  th an  th e  tra in in g  g ro u p ’s v a lu es . F or th e  
tra in in g  b o y s , submaximum HR sco res w ere 10-15 b ea ts /m in  lower a f te r  
tra in in g  and  max HRs w ere 4 b ea ts /m in  low er (p < .0 5 ). C o rrespond ing  
va lues fo r  con tro l boys w ere no t in d ica ted  fo r  any th ese  in d ic a to rs .
14
B a r-O r and  Zwiren (11) exam ined the  max V 0 2 and  max HR resp o n ses  
to 9 w eeks of e n d u ran ce  tra in in g  in  9-10 y e a r old g ir ls  and  boys.
T w en ty -fo u r g ir ls  and  22 boys p a rtic ip a te d  in tra in in g . Com parison 
g ro u p s of sim ilar size an d  composition (se x )  p layed  games and  perform ed 
ca lis th en ics . T he tra in in g  g ro u p s ra n  2, 3, o r  4 times a week fo r 40 
m inutes a se ss io n , in c re a s in g  th e ir  d istance  fo r th e  f i r s t  3 o r 4 w eeks and 
th en  m aintained  the  d is tan ce  fo r th e  rem ainder of the  s tu d y . R unning
tra in in g  co n sis ted  of 145 m in te rv a ls  in te r s p e rs e d  w ith 1-1% m inute w alks. 
T he com parison g roup  perfo rm ed  ca lis then ics o r p layed  games 2, 3, o r 4 
times a w eek. No changes (p > .05 ) w ere d e tec ted  in  max V 0 2 (m l/kg /m in ) 
fo r  tra in in g  boys (4 9 .4  + 4 .80  v s .  50.2 + 6 .3 0 ), com parison boys (50 .0  + 
6.30 v s .  49.3  + 6 .6 0 ) , t ra in in g  g irls  (44 .2  + 4 .60 v s . 46.1 v s . 4 .2 0 ) , o r 
com parison g irls  (45 .0  + 5.50 v s .  43.8  + 6 .2 0 ). Max HR (b e a ts /m in ) was
red u c ed  only fo r th e  tra in in g  boys (206 + 9 .5  v s .  200 + 8 .4 , p < .0 5 ).
E rik sson  and  Saltin  (28) s tu d ied  13 boys (mean age = 11.5 y e a rs  a t 
th e  s ta r t )  d u rin g  a 5 -m onth , 3 session  p e r  week tra in in g  p rog ram . Each 
60-m inute session  co n sis ted  of 5-10 m inutes of w arm up, 15-25 m inutes of 
in te rv a l r u n s ,  and  25-40 m inutes of b a sk e tb a ll o r  soccer. Max V 0 2 
(m l/k g /m in ) on th e  b icycle  e rgom eter im proved from 41.8  to  47 .4  (p < .0 1 ). 
T h e re  was no s ig n ifican t change  in max HR (196 v s . 193 b ea ts /m in , 
p > .05 ).
Dobeln and  E rik sso n  (23) in v es tig a te d  12, 11-13 y e a r-o ld  boys befo re  
an d  a f te r  5 m onths of m iscellaneous p h y sica l tra in in g . F or 3 sess ions a 
w eek , 60-m inutes a se ss io n , th e  su b jec ts  perfo rm ed  5-10 m inutes of ca lis­
th e n ic s , ra n  in te rv a ls  fo r 15-25 m inu tes, and  fin ish ed  w ith b a sk e tb a ll o r
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so cce r. The boys also sk ied  twice daily d u rin g  a one-w eek c ro s s -c o u n try  
sk iin g  camp. Max V 0 2 (m l/kg /m in ) in c re ased  (p c .O l)  from 42.5 to 49 .1 . 
No com parison g roup  was u tilized .
E rik sson  e t al. (27) exam ined 5 boys (mean age = 11.2 y e a rs )  who 
tra in e d  on b icycle  e rgom eters a t 70-85% of th e ir  max V 0 2 , 3 times a week 
fo r an av erag e  of 29.8 m inutes a session  fo r  6 w eeks. An 8% in c rease  in 
max V 0 2 (52 .7  ± 4 .3  v s .  56.9 m l/kg /m in ) was d e tec ted .
E isenm an and  Golding (24) found  in c re ase s  in max V 0 2 (42 .7  + 2.16
to 49 .6  ± 1.31 m l/kg /m in ) in 8, 12-13 y e a r  old g ir ls . T ra in in g  co n sis ted
of jo g g in g , bench  s te p p in g , and  s tre n g th  and  flex ib ility  ex erc ises  fo r  14 
w eeks. A com parison g roup  (n  = 8) d isp layed  no changes o v e r the  same 
p erio d  44.5  + 2.19 to 41.2 + 1.38 m l/k g /m in ). T here  w ere no changes in 
e ith e r  g roup  fo r max HR, 201 ± 3 .0  v s . 205 ± 2.1 b ea ts /m in  fo r the  r u n ­
n e r s ,  and  200 ± 2 .6  v s . 201 ± 2 .7  b ea ts /m in  fo r  the  com parison g ir ls .
S tew art and  G utin (65) re p o rte d  no changes max V 02 in 10-12 y e a r
old boys following 8 w eeks of tra in in g . T h irtee n  e x erc is in g  boys h ad  p re -
and  p o s t- tra in in g  max V 02 sco res (m l/kg /m in ) of 49.8 + .68 and  49 .5  + 
1.70 com pared to 48 .4  + 1.28 and  49.2  + 1.56 fo r 11 n o n -tra in in g  su b je c ts .
R u n n ers  d isp layed  d ecreases  in subaximum HR while cycling  a t 300 kpm
o v er th e  cou rse  of the  s tu d y  (162 ± 4 .9  to 149 ± 3 .9  b e a ts /m in , p< .05) 
while no changes w ere d e tec ted  fo r  th e  n o n -tra in in g  su b jec ts  (174 + 4 .5  
v s .  170 + 5 .5  b e a ts /m in , p > .0 5 ). HRs m easu red  d u rin g  submaximum
treadm ill ru n n in g  a t 3 .5  mph and  v a rio u s g rad e s  rev ea led  low er va lues fo r 
ru n n e rs  o v er th e  com parison su b jec ts  by  13 b ea ts /m in .
C unningham  e t al. (20) m easured  treadm ill V 0 2s of 66, 10 y e a r  old
male ice hockey p la y e rs  o v e r a 4-5 m onth p e rio d , approxim ately  the  middle
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and  end  of th e ir  com petitive season . D ata w ere g ro u p ed  on the  p resen ce  
o r absence  of a p la teau  in  max V 0 2 on 2 treadm ill te s ts .  A p la teau  was 
defined  as h av in g  a V 0 2 change less  th an  2.1 m l/kg /m in  in  successive  
w ork loads immediately p r io r  to e x h a u s tio n . T h ere  w ere no changes
(p> .05 ) in  max V 0 2 from m id- to p o s t-se a so n  te s tin g  fo r  any  of th e  3 
g ro u p s . Max V 0 2 values (m l/kg /m in ) fo r  th e  g ro u p s w ere: double­
p la teau  (ach ieved  a p la teau  on bo th  of th e  te s ts )  = 56.3 + 2.60 v s . 54.1 + 
2 .20 ; s in g le -p la teau  (on ly  ach ieved  a p la teau  on one of th e  two te s ts )  =
55.9 + 1.50 v s .  54.3  + 1.50; and ; n o -p la teau  (d id  no t achieve a p la teau  on 
e ith e r  of th e  two te s ts )  = 57.2 + 1.10 v s  54.8 + .90. L ikew ise, th e re  w ere 
no changes o v e r time fo r  max HR (b e a ts /m in ) : doub le-p la teau  = 198 + 2.2
v s . 200 + 2 .7 ; s in g le -p la teau  = 195 + 1.8 v s .  193 + 1 .4 , and ; n o n -p la teau  
= 199 + 1.7 v s .  197 + 1 .3 . T he fac t th a t  no changes in max V 0 2 o r max 
HR w ere d e tec ted  in th is  s tu d y  may in p a r t  be a ttr ib u ta b le  to the  in tia l 
h igh  cond ition ing  level of th e  su b je c ts . A com parison g ro u p  was n o t
u til iz e d .
L u ss ie r and  B u sk irk  (46) d iv ided  26 v o lu n te e r  ch ild ren  aged  8-12 
y e a rs  in to  ex erc ise  (11 males and  5 fem ales) and  com parison (9 males and  1 
fem ale) g ro u p s  fo r  a 12-week ex erc ise  tra in in g  p rog ram . All su b jec ts  w ere 
c lass ified  s tag e  I fo r  b re a s t  developm ent o r  gen ita lia  m atu rity  acco rd ing  to 
T a n n e r 's  s ta n d a rd s  (6 8 ). Max V 0 2 was a sse sse d  on the  treadm ill a f te r  
su b jec ts  w ere fam iliar w ith th e  p ro c e d u re . T ra in in g  co n sis ted  of ru n n in g  
p ro g re s s iv e ly  lo n g e r d is tan ces and  p lay in g  gam es. At th e  e n d , max V 0 2 
(m l/k g /m in ) h ad  in c re a sed  in  th e  e x erc ise  g ro u p  (55 .6  + 2.07 v s .  59.4  +
2 .28 , p< .05) b u t  n o t in th e  com parison g ro u p  (53 .1  + 1.32 v s .  53.9 + .80,
p > .0 5 ). T h ere  w ere no d iffe ren ces in  max HR (201.3  + 1.87 v s . 200.7 +
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2.12 b ea ts /m in  in e x e rc is e rs , 199.8 + 2.43 + 203.2 + 2.17 b ea ts /m in  in 
com parison su b je c ts ) , how ever, th e re  w ere decreases  in submaximum HR 
(b e a ts /m in )  a t 40% and  80% of max V 0 2 . At 40%, a w alking p ace , the  
e x e rc is e rs ' va lues w ere 129.3 + 1.96 v s .  1 1 9 .8 + 1 .8 5 ,  and  fo r th e  com par­
ison g ro u p , 126.2 + 2.91 v s . 126.7 + 3 .00 , p re -  and  p o s t- tra in in g  re s p e c t­
ively  (p < .0 5 ). At 80%, a ru n n in g  p ace , th e  re sp e c tiv e  HRs w ere 187.9 + 
2.41 v s . 174.4 + 2.75 fo r th e  e x e rc is e rs , and  188.1 + 2.43 v s .  188.6 fo r 
th e  com parison su b jec ts  (p < .0 1 ).
V accaro and  C larke (69) m easu red  2 male and  13 female swimmers 
(ag es  9-11) and  3 male and  12 female com parison su b jec ts  (ag es 9-11) 
befo re  and  a f te r  a 7-m onth p rogram  of swim tra in in g . PWC170 was 
a sse sse d  on a b icycle e rg o m ete r, and  max V 0 2 was a sse sse d  on a treadm ill 
a f te r  th e  su b jec ts  h ad  fam iliarized them selves w ith the  te s tin g  p ro c e d u re s . 
T he ac tu a l max V 02 (m l/k g /m in ) va lues in swimmers and  com parison 
su b jec ts  p re -  to p o s t- tra in in g  w ere 45 .7  + 2.44 v s . 54.6 + 1.70 an d , 50.5 
± 2.87 v s . 53.3 ± 2 .49 . T hese  changes w ere sig n ifican tly  d iffe ren t 
(p < .0 1 ). PWC170 sco res (kgm /m in) in swimmers and  com parison su b jec ts  
w ere 400 + 23.9 v s . 480 + 3 0 .0 , and  380 + 20.0 v s . 410 + 17.7 . T hese 
ch an g es w ere also sign ifican tly  d iffe re n t (p<.05>. Max HRs (b e a ts /m in ) in 
swimmers and  con tro ls w ere n o t d iffe re n t (p > .0 5 ), 199 + 2 .8  v s . 197 + 2.9 
a n d , 200 ± 1.3 v s .  199 ± 1 .5 .
Bell and  R ibisl (13) s tu d ied  31 male and  female com petitive swimmers 
ages 9-17. All swimmers h ad  been  tra in in g  fo r a t le a s t 2 y e a rs  a t the  time 
th e  s tu d y  b eg an . Max V 0 2 in c re a se d  w ith age in bo th  se x es . In m ales, 
max V 0 2 in c re a sed  w ith age ( r  = .96) and  ra n g e d  from (age  in y e a rs , max 
V 0 2 in  m l/k g /m in ): 10.3 + .42, 51.7 + 6 .09 , n = 3 to 16.2 + .33, 62.0 +
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1.28 , n  = 5. F o r th e  fem ales, max V 0 2 also in c re ased  w ith age ( r  = .95 ):
10.0 + .48, 45.8  + 1.89, n  = 3 to 15.9 + .37, 52.6 + 51, n  = 4. U nfor­
tu n a te ly  th e  sample sizes w ere v e ry  small.
Y oshida e t al. (75) exam ined 57 k in d e rg a r te n  ch ild ren  o v e r a 14 
m onth ru n n in g  p ro g ram . F o u rteen  boys and  11 g ir ls ,  all 5 y e a rs  o ld , ran  
750-1500 m 5 times a week (5W), 11 boys and  10 g irls  ra n  th e  same d is ­
tan ces one day  a week (1W), and  5 boys and  6 g irls  ( th e ir  school ac tiv ity  
was lim ited to low in te n s ity  gam es) se rv e d  as com parison su b jec ts  (OW ). 
A te a c h e r paced  the  ch ild ren  so th a t  a t le a s t half th e  class could follow. 
Max V 0 2 was determ ined  by  p ro g re ss iv e  ru n n in g  te s ts  on a tra c k  a t v a r ­
ious sp e ed s . No changes w ere found  in  any of th e  g ro u p s p re -  to p o s t­
tra in in g  fo r  subm ax V 0 2 , o r  max HR (p > .0 5 ). Submaximum HR (b e a ts /  
m in) d ec rea sed  sign ifican tly  (p< .05 ) in  th e  5W g roup  (190 ± 2.46 to 177.4
± 1 .9 6 ), changes in th e  0W g ro u p  (193.1 + 3.62 to 185.4 + 3 .83 ) and  the  
1W g ro u p  (193.5  + 2.39 to 187.4 + 1 .94) w ere n o t s ig n ifican t (p > .0 5 ). 
P re -  and  p o s t- tra in in g  subm ax V 0 2 sco res (m l/k g /m in ) w ere no t s ign ifi­
can tly  low er fo r any  of the  g ro u p s (0W = 37.4  + 1.03 v s .  36.7 + 2 .68; 1W 
= 38.6 ± .89 v s .  34.5 ± 1 .51 , an d ; 5W = 36.5 ± 1.12 v s . 34.3 ± .74 ). 
P o s t- tra in in g  max HR sco res (b e a ts /m in ) w ere no t sign ifican tly  d ecreased  
in  any  of th e  g ro u p s  (0W = 6 .4 , 1W = 3 .9 , and  5W = 9 .8 ) . P o s t- tra in in g  
max V 0 2 sco res  (m l/k g /m in ) also d isp layed  n o n -s ig n ific an t changes (0W = 
1 .2 , 1W = -1 .9 , and  5W = - 3 .2 ) .
C larke e t a l. (17) re p o r te d  aerob ic  tra in in g  re s u lts  fo r  23, 7-9 y e a r 
old boys who h a d  p a rtic ip a te d  in a 3-m onth w restlin g  p rog ram . T he 6 .6  
m l/kg /m in  in c re ase  in max V 0 2 was n o t sign ifican tly  g re a te r  th an  in c reases  
d e te c ted  fo r  a g roup  of sim ilar age n o n - tra in in g  com parison boys m easured  
b e fo re  and  a f te r  a 3-m onth p e rio d .
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P u b escen t ch ild ren
In B ailey’s s tu d y  (8 ) ,  active  Canadian school c h ild re n , as determ ined
by  ch ild , p a re n ts ,  and  te a c h e r q u e s tio n n a ire s , had  g re a te r  treadm ill max 
«
V 0 2 sco res (m l/k g /m in ) th an  inac tive  ch ild ren  a t all ages s tu d ied : age 12
= 58 v s . 56, age 13 = 57 v s . 53, age 14 = 60 v s . 54, and  age 15 = 54 v s . 
49. T hese  values w ere estim ated  from g ra p h s .
S tra n sk y  e t al. (67) m easu red  30 v o lu n te e r female su b jec ts  befo re  and  
a f te r  a 7-w eek swimming p rog ram . S ix teen  g irls  (mean age = 15.8) tra in e d  
w eekly av erag in g  12,806 + 1480 y a rd s  a se ss io n . T he rem aining  14 g irls  
(m ean age = 15 .9) did  no t tra in  and  se rv e d  as a com parison g ro u p . The 
swimmers' mean max V 0 2 score  was no t d iffe re n t from th e  com parison 
g ro u p 's  sco re , p re - t r a in in g , b u t  th e re  was a d iffe rence  p o s t- tra in in g : 
swimmers = 41.6  + 1.53 v s .  48 .3  + 1 .35 , p< .01 , and  com parison g irls  =
42.9  + 1.29 v s . 42.9  + 1 .21 , p> .05 .
A naerobic T ra in in g  in C h ild ren
A ttem pts to in d ire c tly  a sse ss  anaerob ic  capab ilities include  m easu re- 
m ents of m uscle and  blood la c ta te , ven tila tion  (V E ), and  perfo rm ance. 
T he determ ination  of blood lac ta te  is n o t p rec ise  because  as th e  blood 
c ircu la te s  th ro u g h o u t th e  b o d y , i t  collects lac ta te  from e v ery  a rea  of the  
b o d y , n o t ju s t  th e  a reas  p rim arily  involved  in th e  a c tiv ity . A nalysis of 
m uscle lac ta te  may add  little  p rec is io n  because  of th e  d ifficu lty  of ob tain ing  
sam ples d irec tly  from active  m uscle.
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A nalysis of ex erc ise  changes in  3 gas exchange v a riab les  (VE, V 0 2 , 
and  V C 02) is sometimes em ployed to a sse ss  changes in e n e rg y  system  
u tiliza tio n . T he d e p a r tu re  from lin e a rity  in th e  V E -V 02 and  V E-V C 02 
re la tio n sh ip s , ( th e  inflection  p o in t)  is called th e  level of o n se t of m etabolic 
acidosis (MA) o r th e  "anaerobic  th re s h o ld ."
T he perform ance te s t  m ost f re q u e n tly  chosen  is designed  to determ ine 
maximum w ork o u tp u t and  re q u ire s  th a t th e  su b jec t p eda l a b icycle  
ergom ete r as rap id ly  as possib le  fo r  30 seconds a g a in st a re s is ta n c e  cal­
cu la ted  from th e  su b je c t 's  body  w eigh t (10 ). A nother anaerobic  pow er te s t  
th e  M argaria  te s t ,  re q u ire s  th a t  th e  su b jec t ru n  up  a flig h t of s ta ir s  a f te r  
a 6 m s ta r t ,  a scen d in g  3 s te p s  a t a tim e. M icrosw itches m ounted on th e  
3 rd  and  9 th  s te p s  determ ine th e  e lapsed  time (Wilmore, 73).
D irec t m easurem ents of p h o sp h o fru c to k in ase  (P F K ), a ra te -lim itin g  
enzym e fo r  g ly co ly sis , adenosine tr ip h o sp h a te  (A T P ), c rea tin e  p h o sp h a te  
(C P ), and  glycogen from analysis  of m uscle b iopsy  sam ples p ro v id e  a 
b e t te r  d e sc rip tio n  of anaerobic  capab ilities th an  do in d ire c t te c h n iq u e s . 
H ow ever, th ey  a re  lim ited because  of im p rac tica lity .
A m ajor problem  w ith th e  l i te ra tu re  in th is  a rea  is the  in co n s is te n t 
m anner in which d a ta  have  been  co llected . Some da ta  a re  d irec tly  ob ta ined  
m easurem ent and  o th e rs  a re  estim ated . In  th e  s tu d ies  c ited , blood lac ta te  
v a lues w ere determ ined  from analysis  of f in g e r tip  blood sam ples (4 , 19) o r 
w ere estim ated  from m easurem ents of carbon  dioxide (C 0 2) in th e  e x p ired  
a ir  (3 2 ). L acta te  analysis  of blood sam ples a re  also a ffec ted  by  th e  time 
w hen th e  sam ples a re  tak e n . A se rie s  of sam ples tak en  p o s t-e x e rc is e  show 
th a t  se v e ra l m inutes a re  re q u ire d  fo r  peak  values to o ccu r (3 ) . T h e re ­
fo re , com parison of blood lac ta te  va lues may n o t be a p p ro p ria te  if th e
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sam ples w ere n o t ob ta ined  in a m anner d esig n ed  to a sce rta in  peak  v a lu e s . 
V ery  few da ta  a re  available on g lycogen o r  anaerob ic  m uscle enzym es, 
PFK, ATP, and  CP, p rim arily  because  m uscle b iopsies a re  re q u ire d .
A thletic  v s .  N on-a th le tic  C h ild ren
P re p u b e sc e n t C h ild ren
Gadhoke and  Jones (32) m easu red  blood lac ta te  in excess of re s t in g  
levels in  40 school boys (n  = 20, 9 .5 -12  y e a rs  old; n = 20, 12-14.5 y ea rs  
o ld) on a b icycle  ergom eter a t 200, 400, and  600 kgm /m in. T he tech n iq u e  
estim ated  lac ta te  accum ulation from ex p ired  a ir  (C 0 2) co n cen tra tio n . No 
sig n ifican t d iffe ren ces (p> .05 ) betw een age g ro u p s w ere found  fo r excess  
lac ta te  (mm/1) a t 3 common w orkloads: 200 kgm /m in = 1.0 + 0.20 v s .  1 .3  +
0 .50 ; 400 kgm = 2 .2  + 1.30 v s .  2 .6 + 1 .0 0  a n d ; 600 kgm = 4 .3  + 3.80 v s .
3 .0  + 1.40.
C unningham  and  Eynon (19) re p o r te d  blood lac ta te  m easurem ents 
de term ined  from f in g e r tip  sam ples taken  befo re  and  2 m inutes a f te r  a 
maximum w ork te s t  on a b icycle  e rgom eter. In  g e n e ra l, blood lac ta te  in ­
c re ased  w ith age and  was g re a te r  in males th an  in fem ales. In  females 
mean blood lac ta te  va lues (mg%) ra n g e d  from 64.3 ± 8.97 (age  = 12 .2 , n  =
8) to 89.2 + 18.87 (age  = 14 .9 , n  = 5 ). T he m ales’ va lues ra n g e d  from
81.0 + 6.86 (age  = 11 .8 , n  = 10) to 108.6 + 6 .25 (age  = 14 .9 , n  = 10). 
T he sample sizes w ere v e ry  small and  p ro b ab ly  inc luded  p re p u b e sc e n t and  
p u b e sc e n t c h ild re n , especially  in  th e  o ld er g ro u p s .
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P u b escen t ch ild ren
o
In  A s tra n d 's  s tu d y  (4 ) of 30 g ir l  swimmers ages 12-16, includ ing  
b e g in n e rs  and  w orld re c o rd  h o ld e rs , i t  ap p ea red  th a t  lactic  acid  (LA) 
levels in c re a sed  w ith age . LA (mg%) m easurem ents w ere determ ined  by  
analy sis  of 3-4 f in g e r  p r ic k  sam ples taken  from a p re-w arm ed  f in g e r tip  
w ith in  a sh o r t  time following a maximum ex erc ise  te s t .  As was th e  case 
w ith o th e r  s tu d ies  (19, 3 2 ), th e  v aria tio n  was g re a t ,  ra n g in g  from 45 to 
135 mg%. T hese v a lu e s , how ever, ap p ea red  to exceed  norm al va lues fo r 
ch ild ren  th is  age .
T ra in in g  s tu d ies
P re p u b e sc e n t-c h ild re n
E rik sson  (26) m easu red  e x erc ise  blood (mmoles/1) and  m uscle lac ta te , 
A TP, CP and  g lycogen (m m oles/kg w et w eigh t) co n cen tra tio n  in young  
b o y s , age 11-13, be fo re  and  a f te r  16 w eeks of m ixed tra in in g  ( ru n n in g ,
c a lis th e n ic s , and  20-30 m inutes of gam es). P re - and  p o s t- tra in in g
m easurem ents of th e se  v a ria b le s  w ere made a t se v e ra l w ork loads 
(kgm /m in ): r e s t ,  n  = 8; 500, n  = 7; 750, n  = 6, a n d ; maximum (p re -  =
850, p o s t-  = 1014, n  = 7 in bo th  c a se s ) . At the  2 submaximum w ork
lo ad s , blood lac ta te  was low er fo r  th e  second te s t :  500 = 2 .3  ± 3 to 2.1 ± 
3, p> .05 , and  750 = 3 .7  ± .6 to  3 .3  ± .7 , p< .05 . At max w ork  loads , the  
second  te s t  p ro d u cd  in c re a se d  lac ta te : 4 .7  ± .20 to 5 .9  ± .20, p< .01 .
M uscle lac ta te  was low er a t 750, 6 .7  ± 1.20 to 5 .6  ± 1 .80 , how ever, th is
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d iffe ren ce  was n o t s ig n ifican t (p > .0 5 ). At max ex erc ise  lo ad s , lac ta te  was 
in c re ased  a t th e  time of th e  la s t te s t :  8 .8  ± 1.40 to 13.7 ± 1 .20 , p< .05.
P o s t- tra in in g , bo th  ATP and  g lycogen w ere s ig n ifican tly  in c re a se d , 4 .3  + 
.10 v s .  4 .8  + .10 (p< .01) and  54 + 3 .0  v s . 71 + 3 .0  (p< .01 ) re sp ec tiv e ly . 
P o s t- tra in in g  CP co n cen tra tio n s  w ere in c re ased  a t e v e ry  w ork load b u t 
th ey  w ere s ig n ifican t only a t r e s t :  14.5 + .80 v s .  20.2 + .8 .0  (p< .01 ) and
a t 500 kpm /m in, 9 .3  + 1.10 v s .  1 4 .7 + 1 .9 0  (p < .0 1 ). P o s t- tra in in g  m ax­
imum w ork load blood and  m uscle lac ta te  va lues w ere g re a te r  th an  p r e ­
tra in in g  v a lu e s , b u t  u n eq u a l w ork loads make com parisons d ifficu lt. 
R estin g  ATP and  CP levels w ere bo th  im proved a f te r  tra in in g  (p< .01 ) and  
bo th  su b seq u e n tly  fell to sim ilar levels d u r in g  th e  same abso lu te  su b ­
maximum w ork lo a d s . No da ta  w ere p re s e n te d  fo r  the  com parison g ro u p .
In  a s tu d y  re p o r te d  b y  E rik sson  and  Saltin  (2 8 ), m uscle b iopsies and  
blood sam ples w ere tak en  from 13 boys to a sce rta in  the  e ffec ts  of a 
5-m onth , 3 session  p e r  w eek, 60-m inutes p e r  session  m ixed exerc ise  t r a in ­
ing  p rogram  on blood and  m uscle la c ta te . No s ig n ifican t p o s t- tra in in g  
d iffe ren ces (p> .05 ) w ere d e tec ted  fo r e ith e r  blood o r  m uscle lac ta te  lev e ls , 
a t r e s t ,  o r  a t 500, and  750 kgm /m in w ork loads. At th e se  re sp e c tiv e  w ork 
lo ad s , m uscle lac ta te  va lues (m m /kg wet w eigh t) w ere: 1 .0 , 3 .0 , and  6 .7 .
At maximal w ork lo ad s , 800 kgm /m in p re - t r a in in g , an d  1000 kgm /m in p o s t­
tra in in g , th e  va lues w ere: 8 .8 , and  13.7 . T he c o rre sp o n d in g  blood
lac ta te  va lues (mm/1) w ere: r e s t  = 1 .0 , 500 kgm = 2 .0 , 750 kgm = 3 .5 , 800 
kgm = 4 .5  and  1000/kgm = 5 .5 .
T he changes in P F K -activ ity  (pmol x  [g x m n ]-1) in  5 boys w ere 
a sse sse d  to determ ine if changes o c c u rre d  as a re s u l t  of 6 w eeks of bicycle 
tra in in g  (2 7 ). PFK, as d iscu ssed  p re v io u s ly , is co n sid ered  to be th e
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enzym e determ in ing  th e  ra te  of g lyco ly sis . In itia lly , th e  P F K -activ ity  
value  was 8 .4 , ab o u t 30% of a d u lt v a lu e s . T he 15.4 p o s t- tra in in g  v a lue ,
55% of a d u lt v a lu e s , re p re s e n te d  an 83% in c re a se .
M assicotte an d  MacNab (49) te s te d  11-13 y e a r old boys (n  = 36) on a 
b icycle  ergom eter be fo re  and  a f te r  a 6-w eek tra in in g  p e rio d . T he boys
tra in e d  on b icycle  e rg o m e te rs , 3 times a week fo r  12 m inutes a session  and
w ere equally  d iv ided  in to  3 ex erc ise  g ro u p s  (b y  in te n s ity  of ex erc ise  HR) 
and  1 com parison g ro u p . P o s t- tra in in g  blood lac ta te  (mg%) d u rin g  su b ­
maximum w ork (450 kpm /m in) was low ered (p< .01 ) only in  th e  h ig h e s t (HR 
= 170-180 b e a ts /m in ) ex e rc ise  in te n s ity  g ro u p : 16.8 ± 1.87 to 12.0 ± .87,
p< .01 . L acta te  levels in th e  o th e r  3 g ro u p s  (HR = 150-160, 130-140, and  
c o n tro l, re sp e c tiv e ly )  w ere low ered b u t n o t s ig n ifican tly : 18.6 ± 2.07 to 
16.2 ± 1 .37 , 21.4 ± 2.27 to 22.9 + 1 .50 , and ; 24.1 ± 2.97 to 22.9 ± 2.47.
At maximum w ork lo ad s , p o s t- t ra in in g  lac ta te  was in c re a sed  in  all g ro u p s
b u t  th e  change was s ig n ifican t (p < .0 1 ) only in th e  h ig h  in te n s ity  g ro u p :
71.7 ± 3.83 to 86.8 ± 4 .3 7 , 83.6 ± 5 .77 to 94.6 ± 7 .30 , 84.9 ± 7.70 to 91.7 
± 5 .50 , an d ; 83.3 ± 6 .20 to 87.0 ± 7 .00 . T he maximum w ork loads w ere 
in c re a sed  fo r th e  3 tra in in g  g ro u p s : 1000 ± 43.3  to 1250 ± 55 .9 , 916 ±
39.1 to 1133 ± 5 0 .7 , and  833 ± 44.1 to 1017 ± 41 .7 .
M ayers and  G utin (50) re p o r te d  th e  re s u l ts  of a 30-second  bicycle
ergom eter anaerob ic  capacity  te s t  on r u n n e r s , and  com parison c h ild re n . 
E igh t boys w ere elite  c ro s s -c o u n try  ru n n e rs  and  8 com parison boys w ere 
n o t invo lved  in  any  o rg an ized  tra in in g , all w ere 8 .3 -1 1 .8  y e a rs  o ld . The 
su b jec ts  warm ed up  fo r  2 m inutes a t 300 kpm /m in. T he re s is ta n c e  was
th en  rap id ly  s e t  to 1 .5  k g  an d  all su b jec ts  pedaled  as fa s t  as possib le  fo r 
30 seco n d s. T he mean of 54 revo lu tions (in  30 seco n d s) accum ulated  by
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th e  ru n n e rs  was sig n ifican tly  g re a te r  th an  the  44 revo lu tions fo r  the  
com parison g roup  (p < .0 1 ).
P u b e sc en t-c h ild ren
E xcess lactic  acid va lues (o v e r re s t in g  v a lu e s) w ere a sse sse d  
in d ire c tly  from ex p ire d  a ir  C 0 2 co n ten t a f te r  b icycle  ergom eter ex erc ise  in 
20 boys 12-14.5 y e a rs  old (3 2 ). G enerally , th ese  m easures su g g e s t th a t  
lac tic  acid  p ro d u ctio n  in c reases  w ith age fo r iden tica l abso lu te  w ork lads. 
T he va lues (mmole/1) re p o r te d  a re  l is te d  fo r 200, 400, and  600 kgm /m in 
w ork loads re sp ec tiv e ly : 1 .3  + 0 .11 ; 2 .6  + 0 .2 2 , and ; 3 .9  + 0 .31 . S ta tis ­
tica l sign ificance  was n o t in d ica ted .
Body F a tn ess  in C hild ren
Body fa tn e ss  (B F ), th e  p ro p o rtio n  of fa t and  lean w eigh t, is e s t i ­
m ated u s in g  se v e ra l in d ire c t m easurem ent te c h n iq u e s , inc lu d in g  sk in fo ld s , 
circum  fe re n c e s , d iam ete rs, and  u n d e rw a te r  w eighing (UWW). T he body 
d e n s ity  form ulas u se d  in th e  UWW m ethod of BF a re  b a sed  on da ta  
collected  on ad u lt c a d a v e rs , th e re fo re , th is  tech n iq u e  may have lim itations 
fo r  th e  BF determ ination  of ch ild ren  because  of possib le  d iffe ren ces in 
to ta l body  w a te r and  bone d e n s ity  betw een ch ild ren  and  a d u lts  (44, 55,
74). I t  is  n o t u n u su a l to f in d  a h ig h e r  fa t  percent in ch ild ren  re la tiv e  to 
a d u lts  even  though  th e  ad u lts  have  f a t te r  ou tw ard  ap p ea ran ces (50, 74).
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A thletic  v s . N on-a th le tic  C h ild ren
P re p u b esce n t ch ild ren
Parizkova re p o r te d  d a ta  on 96, 11 y e a r  old boys (54) o v e r a 5 -y ea r 
p e rio d . T he boys w ere ca teg o rized  in to  4 g ro u p s by  ac tiv ity  levels 
acco rd ing  to analy sis  of q u e s tio n n a ire s  and  sp o r ts  club a c tiv ity  re c o rd s . 
UWW was u se d  to a sse ss  BC. T he abso lu te  and  re la tiv e  am ounts of lean 
body  m ass and  fa t  m ass w ere n o t s ig n ifican tly  d if fe re n t among th e  g ro u p s 
(p > .0 5 ). Lean and  fa t w eigh t p e rc e n ta g e s  re sp e c tiv e ly , b eg in n in g  w ith 
th e  m ost active  g ro u p s  w ere: 84.3 + 1 .39 , 15.7 + 1 .39 , n  = 15; 84.5 +
0 .97 , 15.5 + 0 .99 , n  = 32; 85.3  + 1 .21 , 14.7 + 1 .21 , n  = 28, an d ; 82.7 +
17.2 + 1 .25 , n  = 21.
Sady e t al. (61) re p o r te d  da ta  on ex p erien ced  young  w re s tle rs  (mean 
age = 11.0 + 0.21 y e a rs , n = 21) and  norm ally active  school ch ild ren  (mean 
age = 11.2 + 0 .24 y e a rs , n  = 23). T he w re s tle rs  w ere 4 k g  l ig h te r ,  
(p < .0 5 ) , h a d  less body  fa t  (4 .2  + 0 .24 and  7 .4  + 0.79 k g , p < .0 5 ), and  
h ad  less p e rc e n t body fa t  (13 .3  + 0.66 and  20.0 + 1 .1 3 ).
P u b escen t ch ild ren
P arizkova (54) p re s e n te d  da ta  on 96, 15 y e a r  old b o y s . Lean and  fa t 
w eigh t p e rc e n ta g e s  a re  p re s e n te d  p ro ceed in g  from th e  m ost to the  lea s t 
ac tive  b oys: 90.1 + 0 .85 , 9 .9  + 1 .19 , n  = 15; 87.5 + 0 .74 , 12.5 + 0 .72 , n
= 32; 86.4  + 0 .7 9 , 13.6 + 0 .7 9 , n  = 28, and  84.1 + 1 .16 , 15.9 + 1 .18 , n  = 
21. In c o n tra s t  to th e  f i r s t  y e a r s ’ d a ta  w hen th ese  boys w ere 11 y ea rs
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old and  no d iffe ren ces  w ere found  among g ro u p s  fo r e ith e r  lean o r fa t 
w eigh t p e rc e n ta g e s , the  m ost active  boys now had  a g re a te r  p e rc en ta g e  of 
lean body m ass th an  th e  le a s t active  boys while th e  opposite  re la tio n sh ip  
was t ru e  fo r  th e  p e rc en ta g e  of body fa t . Simple in spec tio n  of th e  p rec ee d - 
ing  da ta  su g g e s t th a t ,  g en era lly  sp e ak in g , th e  p e rc en ta g e  of lean tis su e  
m ass in c re a ses  in d ire c t p ro p o rtio n  w ith a c tiv ity  lev e ls , while an in v e rse  
re la tio n sh ip  e x is ts  w ith re s p e c t to fa t  tis su e  m ass.
T ra in in g  s tu d ies
P re p u b e sc e n t c h ild ren
T he 96 males in  th e  P arizkova s tu d y  (54) w ere m easured  annually  fo r  
5 y e a rs . A lthough p h y sica l m atu rity  s ta tu s  was n o t a sse s se d , 11 o r 12 
y e a r  old boys g enera lly  may be co n sid ered  to be p re p u b e sc e n t. A lthough 
no s ta tis t ic s  w ere p re s e n te d , in g e n e ra l, th e  m ost active  boys gained  lean 
m ass and  lo st fa t  m ass 84.3 + 1.39 to 85.9 + 1.47 and  15.7 + 1.39 to 14.1 
+ 1 .47 , n  = 15) while th e  le a s t ac tive  boys lo s t lean m ass and  gained  fa t  
m ass (82 .7  + 1.35 to 80.9  + 1 .58 , and  17.2 + 1.35 to 19.1 + 1 .31 , n  = 21). 
T he g e n e ra l t r e n d  is fo r the  more ac tive  boys to have  g re a te r  lean m ass 
and  le s se r  fa t m ass th an  inac tive  b o y s.
E rik sson  (26) re p o r te d  a n o n -s ig n if ic an t (p> .05 ) w eight in c rease  of
0 .5  k g , b u t  a s ig n ifican t in c re ase  (pc.O O l) in  body potassium  (12gm) in 12 
b o y s , 11-13 y e a rs  old a f te r  16 w eeks of m ixed p h y sica l tra in in g . T his 
c o rre sp o n d e d  to a lean t is su e  in c re ase  of abou t 5 k g  o r 4 k g , if th e  
in c re ase  was predom inan tly  m uscle t is su e .
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L u ss ie r and  B u sk irk  (46) m easu red  g ro u p s of e x e rc is in g  and  non ­
e x e rc is in g  p re p u b e sc e n t ch ild ren  (ag es 8-12) be fo re  and  a f te r  12 w eeks of 
ru n n in g  tra in in g  and  found  n o n -s ig n if ic an t changes (p> .05 ) in body  d en ­
s ity  (de te rm ined  b y  UWW) and  in  sk in fo ld s. T he ex erc ise  su b je c ts , 11 
m ales and  5 fem ales, and  th e  com parison su b je c ts , 9 males and  1 fem ale, 
w ere all c lassified  as s tag e  I fo r  b re a s t  developm ent and  gen ita lia  m atu rity  
(6 8 ). P re -  and  p o s t- tra in in g  m easu res of body  d en sity  fo r th e  ex erc ise  
ch ild ren  w ere , 1.053 + .0004 v s .  1.055 + .0004, and  fo r  the  com parison 
c h ild re n , 1.057 + .0004 v s . 1.057 + .0005. Skinfold m easu rem en ts , fo r the  
sum of 10 sk in fo lds (mm) w ere , 88.1 + 10.58 v s . 85.7 + 8 .35 , and  86.4 + 
10.32 v s . 85.1 + 9 .94 , re p e c tiv e ly .
V accaro and  C larke (69) m easu red  15 experim en tal and  15 com parison 
su b je c ts , ages 9-11 y e a rs , be fo re  and  a f te r  a 7-m onth b eg in n in g  com peti­
tive  swimming p ro g ram . A nalysis of v a rian ce  in d ica ted  no d iffe rence  in 
w eigh t, lean body  w eigh t, o r  p e rc e n t fa t  betw een o r  w ith in  g ro u p s , p re -  
o r  p o s t- tra in in g . P re -  and  p o s t- tra in in g  w eigh t (k g )  and  p e rc e n t fa t  (%) 
m easurem ents fo r experim en ta l and  com parison su b jec ts  re sp ec tiv e ly  w e re : 
w eight p re  = 31.3 + 1.56 v s .  33.6 + 1 .37 , p o s t = 33.2 + 1.88 v s . 35.3 + 
1.43; p e rc e n t fa t  p re  = 19.7 + 0.71 v s .  18.7 + 1 .02 , p o s t = 19.1 + 0.95 
v s .  18.5 + 1.07.
T w e n ty -th re e  norm ally ac tive  7-9 y e a r  old boys w ere m easu red  befo re  
and  a f te r  a 3-m onth w re s tlin g  p rogram  (1 7 ). T he re s u lts  w ere com pared 
w ith m easurem ents tak en  on 22 norm ally ac tiv e  7-9 y e a r  old boys no t 
invo lved  in  any  o rg an ized  tra in in g . No d iffe ren ces  (p> .05 ) w ere found  
betw een g ro u p s  fo r  changes in  h e ig h t, w eight o r sum of sk in fo ld s . T hese  
re s u lts  w ere p re s e n te d  in a b s tra c t  form , no ind iv idua l d a ta  was su p p lied .
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Gilliam and  F reedson  (33) re p o r te d  no changes in BC (p > .0 5 ) fo r 23, 
7-9 y e a r  old boys and  g ir ls  (11 experim en ta l, and  12 com parison su b je c ts )  
o v e r a 12-week school p h y sica l f itn e ss  p rog ram . T he num ber of boys and 
g ir ls  in th e  g ro u p s was n o t d isc u sse d . The experim en tal ch ild ren  p a r t ic i­
p a te d  in a specia l p rog ram , 25 m inutes a d ay , 4 days a w eek, fo r  12 
w eeks. T he predom inan tly  aerob ic  ac tiv ity  was ra te d  as m oderate ly  h igh  
in  in te n s ity , a tten d an ce  was 42 .7  + 0.69 o r  abou t 91%. T he com parison 
su b je c ts  p a rtic ip a te d  25 m inutes once a week in th e ir  norm al p h y sica l 
education  c la ss . P o s t- tra in in g  va lues w ere a d ju s te d  fo r d iffe ren ces in 
p re - t r a in in g  sco res  (ANCOVA). T he p o s t- tra in in g  m easurem ents fo r  body 
w eigh t ( k g ) ,  and  p e rc e n t fa t  (%) fo r  experim en ta l and  com parison su b jec ts  
re sp ec tiv e ly  w ere: 33.6 + 0.29 v s . 33.8 + 0 .28 , and ; 20.9 + 0.76 v s . 21.2
+ 0 .73 .
P u b escen t ch ild ren
In th e  la t te r  3 y e a rs  of P arizk o v a’s s tu d y  (54) the  96 boy su b jec ts  
w ere p ro b ab ly  of p u b e sc e n t s ta tu s .  T he fa t  and  lean tis su e  p e rc e n ta g e s  
of ac tive  and  inac tive  boys d isp layed  opposite  re la tio n sh ip s . A ctive boys 
in c re a se d  th e ir  p e rc en ta g e  of lean body  w eight sign ifican tly  more th an  
in ac tiv e  b oys: 87.3 + 1.24 to 90.1 + 0 .85 , n  = 15 fo r  active  b o y s , and
83 .4  + 1.29 to 84.1 + 1 .16 , n = 21 fo r in ac tiv e  b o y s. P e rce n t body  fa t 
changes w ere also d if fe re n t, again  fav o rin g  th e  active  b o y s: 12.7 + 0.38 
to 9 .9  + 1.19 fo r  ac tive  b o y s , and  16.6 + 1.29 to 15.9 + 1.18 fo r  inac tive  
b o y s . T he sign ificance  level was n o t in d ica ted .
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Johnson  (39) re p o r te d  th e  r e s u lts  of a 2 -y e a r  s tu d y  com paring 8th 
g ra d e rs  who h ad  p a rtic ip a te d  in 2, 3, o r  5 day a week p h y sica l education  
c la sses . Skinfold m easurem ents tak en  befo re  and  a f te r  th e  s tu d y  in d ica ted  
th e  5 -day  boys h ad  sig n ifican tly  (p< .05 ) less body fa t  and  more lean m ass. 
T h ere  was no d iffe rence  (p > .05 ) fo r th e  5 -day g ir ls . E stim ated  fa t  d iffe r­
ences fo r  boys and  g ir ls  w ere 2.06 and  3.61 p o u n d s , re sp e c tiv e ly .
S tra n sk y  e t a l. (67) com pared th e  estim ated  BC (u s in g  sk in fo ld s) of 
30 female swimmers (m ean age 15.8 y e a rs  fo r  16 experim en ta l and  14 com­
p a riso n  su b je c ts )  be fo re  and  a f te r  7 w eeks of tra in in g . T ra in in g  co n sis ted  
of 12,806 + 1480 y a rd s  of swimming p e r  w eek, and  an av e rag e  of 4
sess io n s a w eek. T he only s ig n ifican t d iffe ren ce  (p < .0 5 ) found  was an
in c re a se  in  lean body  w eight in th e  experim en tal g ir ls ,  46 .0  + 1.30 to 46.7
+ 1.33. Com parison su b je c ts  h a d  sim ilar b u t  n o n -s ig n ific an t ch an g es: 45.2
+ 1.18 to  45.9  + 1.20.
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SUMMARY
B ased  on th e  p rec ee d in g  review  of l i te ra tu re ,  th e  following sta tem en ts 
may be made re g a rd in g  th e  e ffec ts  of e x e rc ise /a th le tic  tra in in g  on young  
c h ild re n .
1. T he inconclusive  and  conflicting  d a ta  re g a rd in g  aerob ic  tra in in g  
in p re p u b e sc e n t c h ild ren  do no t allow a defin itive  sta tem en t to 
be made co n cern in g  its  e ffec tiv en ess in in c re a s in g  aerob ic  pow er.
a. Maximum aerob ic  in d ic a to rs : A ctive c h ild re n , includ ing
th o se  involved  in  ex erc ise  o r a th le tic  tra in in g  p ro g ram s,
h ave  g re a te r  max V 0 2 sco res th an  inac tive  c h ild ren . How­
e v e r , w ith re g a rd  to p re p u b e sc e n t c h ild re n , s tu d ies  have  
shown no changes (17, 33, 49, 66, 75) and  in c re ases  (14, 
25, 26, 27, 49) in max V 0 2 and  no change (33 , 46, 66, 69,
75) and  d ecrease s  (14 , 49) in max HR as a r e s u l t  of a th le ­
tic  p a rtic ip a tio n  o r ex erc ise  tra in in g .
b . Submaximum aerob ic  in d ic a to rs : sim ilar to th e  p receed in g
s itu a tio n , s tu d ie s  have  shown no change (49, 66, 75) and  
d ecrease s  (22) in  subm ax V 02 , and  no change  (49, 66, 75)
and  d ec rease s  (27) in subm ax HR as a r e s u l t  of a th le tic
p a rtic ip a tio n  o r ex erc ise  tra in in g . None of th e  c ited  
s tu d ie s  re p o r te d  slope and  in te rc e p t  d a ta  on V 0 2-HR re la - 
tio n sh ip s (V 0 2-HR lin e s ) .
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2. T he availab le  ev idence on anaerob ic  tra in in g  in p re p u b e sc e n t 
c h ild ren  seems to su g g e s t th a t  more active  p re p u b e sc e n t ch ild ren  
d isp lay  g re a te r  anaerob ic  capab ilities  (a lth o u g h  less  th a n  a d u lts )  
as de term ined  b y  PFK, A TP, CP, g lycogen , blood and  m uscle 
la c ta te , an d  perfo rm ance te s ts .
a . M etabolic acidosis (MA): no s tu d ies  w ere found  th a t
a sse sse d  MA changes in ch ild ren  re s u ltin g  from tra in in g  o r 
th a t  com pared MA in  active  an d  inac tive  c h ild ren ; how ever, 
some s tu d ie s  have  in v e s tig a te d  d iffe ren ces in PFK, A TP, 
CP, g lycogen , and  lac ta te  u n d e r  th ese  cond itions. All 
th e se  in d ica to rs  w ere found  to in c rease  w ith tra in in g  (26, 
27). A dditionally , maximum lac ta te  co n cen tra tio n s w ere 
fo u n d  to be h ig h e r  while submaximum lac ta te  co n cen tra tio n s 
w ere found  to be  low er in  active  ch ild ren  com pared to 
in ac tiv e  c h ild ren  (2 6 ).
b . A naerobic pow er (A P ): few s tu d ie s  have  u tilized  th e
3 0 -second a ll-o u t b icycle te s t  to determ ine AP. AP is
defined  as th e  maximum w ork o u tp u t g e n e ra te d  d u rin g  any
1 of th e  6, 5 -second  in te rv a ls  (1 0 ). A thletic  ch ild ren  h ad  
g re a te r  5 -second  w ork sco res th an  n o n -a th le tic  c h id ren  (9 , 
48 ).
c . A naerobic capacity  (A C ): few s tu d ie s  have  u tilized  the
a ll-o u t 30-second  b icycle  te s t  fo r  AC asse ssm en t. A ctive 
c h ild ren  and  a th le te s  h ad  g re a te r  sco res  th an  n o n -ac tiv e  
an d  n o n -a th le tic  ch id re n  (9 ) .
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3. T he re p o r te d  d a ta  on body fa tn e ss  of p re p u b se c e n t ch ild ren
su g g e s t th a t  no changes in body  fa tn e ss  should  be ex p ec ted  to
o ccu r as a r e s u l t  of a th le tic  (o r  g en e ra l p h y s ic a l)  tra in in g .
a . Sum of sk in fo lds (S S F ): long itud ina l o r tra in in g  s tu d ies
have shown no changes (17 , 33). Some c ro ss-sec tio n a l
s tu d ie s  ind ica te  th a t  active  and  a th le tic  ch ild ren  have less 
su b cu tan eo u s fa t  (54 , 61, 62) th an  in ac tiv e  o r non­
c h ild ren . .
b . P e rce n t body  fa t  (BF% ): long itud ina l o r tra in in g  s tu d ies
have in d ica ted  no changes in BF% (17, 33). T he c ro ss -  
sectional d a ta  in d ica te  d ecrea sed  BF% in ac tive  ch ild ren  
(5 4 ).
STATEMENT OF PROBLEM
As th e  p rec ee d in g  d iscussion  in d ic a te s , re se a rc h  on th e  aerob ic , 
an ae ro b ic , and  body  com position changes of p re p u b e sc e n t c h ild ren  in 
re sp o n se  to th e ir  p a rtic ip a tio n  in p h y sica l tra in in g  p rog ram s has been
inconclusive  and  oftentim es c o n tra d ic to ry . T he physio log ical and  p h y sica l 
c h a ra c te r is tic s  of ex p erien ced  ch ild ren  a th le te s  and  th e  re sp o n se s  of th ese  
c h ild ren  to add itional tra in in g  have  no t been  well re se a rc h e d  (19 , 20, 21). 
T he p re s e n t  s tu d y  m easu red  th e  physio log ical and  p h y sica l changes in 
e x p erien c ed  p re p u b e sc e n t w re s tle rs  re s u ltin g  from th e ir  p a rtic ip a tio n  in an 
in te n s iv e  7-w eek tra in in g  p rogram  and  com pared th e  re s u lts  to th e  changes 
d e te c ted  in a com parison g ro u p  of boys who w ere n o t invo lved  in a th le tic  
tra in in g . T his was accom plished b y  a sc e rta in in g  th e  following v a riab le s  in 
w re s tle rs  and  a com parison g ro u p  befo re  and  a f te r  th e  7-w eek cam p.
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1. A erobic f itn e s s
a . Maximum in d ic a to rs : maximum oxygen  u p tak e  (m ax V 0 2) ,
maximum h e a r t  ra te  (m ax H R ), an d  perform ance time to
e x h a u s tio n .
b . Submaximum in d ic a to rs : V 0 2-HR lin e s , slopes and  in te r ­
c ep ts  .
2. A naerobic f itn e ss
a. O nset of m etabolic acidosis (MA).
b . A naerobic pow er (A P ).
c. A naerobic capac ity  (A C ).
3. Body fa tn e ss
a. Sum of sk in fo lds (S S F ).
b . P e rce n t body  fa t  (BF%).
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CHAPTER II 
METHODS 
Subjects
All w re s tle rs  in  th e  camp betw een 7 and  12 y e a rs  old w ere p o ten tia l 
su b je c ts . T he com parison g ro u p , also less th an  12 y e a rs  o ld , w ere vol­
u n te e rs  from a local B oy 's C lub . T his o rgan iza tion  p ro v id es  a p lace w here 
young  boys may p a rtic ip a te  in g roup  o r in d iv idua l ac tiv itie s  b u t  s t ru c tu re d  
a th le tic  tra in in g  is n o t o ffe red .
Inform ed w ritte n  c o n sen t, in  compliance w ith th e  policies of th e  In s t i ­
tu tio n a l Review B oard  fo r  th e  P ro tec tion  of Human S ub jects  of th e  U n iv e r­
s ity  of N eb rask a , was ob ta in ed  from each boy and  h is  p a re n ts  o r g u a rd ian  
befo re  th e  boy was accep ted  in to  th e  s tu d y .
D eterm ination of P rep u b escen ce
T he chronological ages of all boys ra n g e d  from 7 to 12 y e a rs  of age. 
A ccord ing  to th e  m ethods of T an n e r (6 8 ), p rep u b e sc en c e  was determ ined  
by  th e  absence  of seco n d ary  sexual c h a ra c te r is tic s . F o r bo th  g ro u p s , th is  
exam ination was perfo rm ed  a t th e  time of th e  final treadm ill te s t .
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In itia l and  F inal M easurem ents
T he following 3 m easurem ents w ere perfo rm ed  befo re  and  a f te r  a 7 
week p e rio d . T he w re s tle rs  w ere m easu red  b e fo re  and  a f te r  th e  cam p, 
and  th e  com parison g roup  su b je c ts  w ere m easu red  1 week la te r  in each 
case .
A erobic F itn ess
Maximum In d ica to rs
A erobic pow er is g en era lly  co n sid ered  to  be  th e  b e s t  sing le  d e sc r ip to r  
of ca rd io v ascu la r f itn e ss  (5 ) .  Max V 0 2 was determ ined  fo r  each boy by  
analyzing  th e  r e s u l ts  of th e ir  perfo rm ance d u r in g  an increm en tal treadm ill 
ex erc ise  te s t  (1 5 ). Each te s t  was p rec ee d e d  by  a 5-m inute s ta n d in g  r e s t  
p e rio d  and  a 5-m inute w alking accommodation p e rio d  a f te r  which bo th  g rad e  
and  speed  w ere in c re a sed  e v e ry  3 m inutes u n til  th e  boy was unab le  to 
co n tin u e . The in itia l s tag e  was a slow w alk , only s lig h tly  f a s te r  th an  the  
accommodation p e rio d . S u b seq u en t s ta g es  p ro g re s se d  th ro u g h  a norm al 
w alk, a f a s t  w alk, a jog , and  finally  a ru n . S ta n d a rd  o p e n -c irc u it sp iro - 
m etric  tech n iq u es  w ere u se d  to  determ ine V 0 2 (5 , 51) d u rin g  th e  la s t  
m inute of each 3-m inute s ta g e .
All e x p ire d  a ir  (VE) was co llected  u s in g  re s p ira to ry  tu b in g  and  
m eteorlogical balloons. E x p ired  a ir  was analyzed  fo r  bo th  volume and  
c o n te n t. Beckm an Model LB-2 C 0 2 and  A pplied E lec trochem istry  S-3A 0 2 
an a ly ze rs  w ere u se d  to de term ined  th e  p e rc e n ts  C 0 2 and  0 2 of ex p ire d  a ir
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sam ples. A gas sam ple from a s ta n d a rd  m edical gas cy lin d e r  was u se d  to 
ca lib ra te  th e  a n a ly z e rs . T he m eteorlogical balloons of ex p ire d  a ir  w ere 
ev acu a ted  in to  a T isso t gasom eter to de term ine volum e. Max V 0 2 was 
defined  as th e  p eak  V 0 2 in  a se rie s  of m inute v a lu e s . A dditional c r ite r ia  
u se d  w ere R > 1 .0 , max HR n e a r  th e  su b je c t’s a g e -p re d ic te d  maximum, and  
su b jec tiv e  s ig n s of ex h au stio n . T he ex p erim en te rs  gave s tro n g  v e rb a l 
encouragem ent to all su b je c ts , especially  d u rin g  th e  fina l te s t  s ta g e s . 
A dditionally , one of th e  in v e s tig a to rs  was alw ays s ta tio n ed  immediately 
b eh in d  th e  su b je c t, s tra d d lin g  th e  treadm ill, w ith one arm en c irc lin g  b u t 
n o t tou ch in g  th e  su b je c ts ' w aist. T h is p re c a u tio n a ry  m easure  was taken  to 
a s su re  th a t  th e  su b jec ts  d id  n o t fall d u r in g  th e  e x h au s tiv e  final moments 
of th e  ta s k . T his p re c a u tio n a ry  m easure  was also in te n d e d  to a s su re  the  
su b jec ts  th a t  th ey  would n o t fa ll and  be h u r t  if  th ey  stum bled  d u rin g  the  
te s t .
Submaximum In d ica to rs
T he submaximum c a rd io re sp ira to ry  in d ica to rs  include  th e  slope and  
in te rc e p t  of th e  V 0 2-HR p a tte rn  determ ined  from th e  increm en ta l treadm ill 
te s t  (see  ab o v e). T he line of b e s t  f i t  (d e te rm in ed  by  v isu a l in sp ec tio n ) 
was analyzed  u s in g  re g re ss io n  a n a ly s is .
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A naerobic F itn ess
M etabolic Acidosis (MA, "anaerob ic  th re sh o ld " )
F or each ch ild , 3 gas exchange  v a riab le  w ere p lo tte d  a g a in s t V 0 2 fo r 
each  s tag e  of th e  increm en tal treadm ill (max V 0 2) te s t :
1. ^ B T P S *  exPir e d a ir  c o rre c te d  to Body T em p era tu re  P re s su re  
S a tu ra te d  gas .
2. V C 02 : volume of carb o n  dioxide p ro d u ce d .
3. F g 0 2 : frac tio n a l co n cen tra tio n  of oxygen  in th e  e x p ired  a ir . 
T he determ ination  of m etabolic acidosis (V 0 2MA, o r more sim ply, MA)
invo lved  th e  following 3 c r i te r ia  (60, 71).
1. The po in t of d e p a r tu re  from lin e a rity  of th e  V E -V 02 c u rv e .
2. The po in t of d e p a r tu re  from lin e a rity  of th e  V C 02-V 0 2 c u rv e .
3. An a b ru p t in c re ase  in F ^ 0 2 .
A naerobic pow er/A naerob ic  capacity
An anaerob ic  pow er te s t  (10) was also u se d  to a sc e rta in  anaerob ic  
f i tn e s s . T he te s t  co n sis ted  of a 30-second  m axim um -effort pedalling  b o u t 
on a ch ild -s ize  s ta tio n a ry  b icycle  e rg o m ete r, and  was adm in istered  a t le a s t 
24 h o u rs  following th e  increm en ta l treadm ill te s t .
A naerobic pow er is de fined  as th e  maximum num ber of pedal rev o lu ­
tions tu rn e d  d u rin g  any one of th e  6, 5 -second  in te rv a ls  d u rin g  the  
30-second  te s t .  T otal p eda l rev o lu tio n s tu rn e d  in  a 30-second  maximum 
e ffo r t w ork b o u t h as been  u se d  to define  anaeorb ic  capac ity  (A C) (10 ).
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T he flyw heel re s is ta n c e  se ttin g 1 was ad ju s te d  acco rd in g  to body w eigh t (66 
g /k g  body w e ig h t) . Each su b jec t pedaled  a t a low re s is ta n c e  (ab o u t 25% 
of th e ir  w e ig h t-d e te rm in ed  re s is ta n c e )  fo r 2 m inu tes. T he commands " te n , 
f iv e , tw o, one , beg in"  signa lled  th e  su b jec t to beg in  pedalling  as rap id ly  
as p o ss ib le . S im ultaneously , th e  re s is ta n c e  was se t to the  w eigh t- 
de term ined  leve l, a revo lu tion  c o u n te r  (a c tiv a te d  by  a fram e-m ounted  
m icrosw itch) was se t to ze ro , and  a clock w ere a c tiv a ted . B ecause of 
d ifficu lties e n co u n te re d  ad ju s tin g  th e  w ork load , th e  da ta  fo r th e  f i r s t  
5 -second  in te rv a l w ere d isc a rd e d . T he re liab ility  of th e  AP and  AC sco res  
was determ ined  by  adm in istering  th e  30 -second b icycle  te s t  on 2 co n secu ­
tive  days d u rin g  th e  in itia l te s tin g  se ss io n s .
Body F a tn ess
Sum of sk in fo ld s /P e rc e n t body  fa t
Body fa tn e ss  was determ ined  by  densitom etry  (4 2 ). U n d erw ate r 
w eight was tak en  as th e  av erag e  of th e  fina l 2-3 tr ia ls  in a se rie s  of 8-10 
tr ia ls  an d  was c o rre c te d  fo r re s id u a l lu n g  volum e. R esidual lu n g  volume 
m easurem ents w ere determ ined  by  th e  oxygen  d ilu tion  tech n iq u e  (72) p r io r  
to u n d e rw a te r  w eigh ing , and  o u ts id e  of th e  w a te r in  a position  sim ilar to 
th e  one assum ed d u rin g  th e  u n d e rw a te r  w eighing  p ro c e d u re s . F or a 
sim ilar age g roup  of c h ild re n , re liab ility  of re s id u a l volume sco res was 
h ig h  ( r  = .93, w ith S .E . of 54 ml, u n p u b lish ed  d a ta ) .  The S iri form ula 
(64) was u se d  to determ ine p e rc e n t body  fa t:
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p e rc e n t fa t  = (4 9 5 /d en s ity  - 450) X 100.
Lean body  w eight was de term ined  b y  su b tra c tio n : 
lean  w eigh t = body w eigh t - fa t  w eigh t.
S ta n d a rd  an th ro pom etric  tech n iq u es  w ere perfo rm ed  to determ ine sk info lds 
h e ig h t, and  w eigh t, (12, 34 ). H igh re liab ility  has p rev io u s ly  been  dem­
o n s tra te d  (r> .88, w ith S .E . <5%  of th e  m ean) fo r  th e se  an th ropom etric  
sco res  (u n p u b lish ed  d a ta ) .
E xerc ise  T ra in in g  Regimen
The 5 day a week tra in in g  ro u tin e  was p rev io u s ly  d esig n ed  by  the
E x p lo re r’s W restling Club an d  was im plem ented as follows:
M orn ing :
1. C a listhen ics and  s tre tc h in g .
2. 5-mile r u n .
3. W eight to ss  (1 0 -pound  p las tic  covered  p la te ) .
4. Jum ping  rope  fo r  15 m inu tes.
5. 12-15 w ind s p r in ts  covering  a 1 0 -y ard  leve l a rea  and  a
ha lf f lig h t of s ta ir s .
6. W restling sk ills  p ra c tic e .
A fternoon :
1. W restling  sk ills  p ra c tic e .
2. Self-im provem ent ta lk .
3. G roup m eeting : m otivation , d isc u ss io n , d ie t h in ts .
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S ta tis tica l A nalysis
T he re liab ilitie s  of th e  p re - t r a in in g  AP and  AC sco res w ere d e te r ­
m ined w ith P earson  product-m om ent co rre la tion  coeffic ien ts . A ssessm ent of 
t e s t - r e te s t  d iffe ren ces  and  determ ination  of a possib le  d iffe ren tia l e ffec t of 
th e  re p e a te d  te s ts  betw een g ro u p s  was made u s in g  a g roup  by  te s t - r e te s t  
fac to ria l analy sis  of v a rian ce  (ANOVA).
Each d e p en d e n t m easure  was analyzed  u s in g  analysis of covariance  
(ANCOVA). T he d ep en d en t v a riab le s  w ere: max V 0 2 , slope, in te rc e p t ,
treadm ill perfo rm ance time to e x h au s tio n , o n se t of m etabolic acidosis (MA), 
anaerob ic  pow er (A P ), anaerob ic  capacity  (A C ), sum of sk in fo lds (S S F ), 
p e rc e n t body fa t  (BF%), and  body  d e n s ity  (B d ) .
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CHAPTER III
RESULTS
T he p u rp o se  of th e  p re s e n t  s tu d y  was to a sc e r ta in  th e  physio log ical 
e ffec ts  of a 7-w eek sum m er w res tlin g  camp on ex p erien ced  p re p u b e sc e n t 
c h ild ren  w re s tle rs . A erobic , an ae ro b ic , and  body com position v a riab le s  
w ere a sse sse d  in th e  w re s tle rs  and  a g roup  of boys (com parison g ro u p ) 
who w ere n o t invo lved  in any  o rg an ized  tra in in g . T able I con ta ins g en e ra l 
d e sc rip tiv e  c h a ra c te r is tic s  fo r  bo th  g ro u p s of p re p u b e sc e n t b o y s. The 
w re s tle rs  w ere abou t th e  same age an d  h e ig h t as th e  com parison boys b u t 
th e  w re s tle rs  w ere n e a rly  6 k g  l ig h te r .
TABLE I
GENERAL DESCRIPTORS (m ean ± S .D .)
Pre-Training
Variable Wrestlers (n = 13) Comparison boys (n = 9) Analysis
_________________ Pre___________Post_________ Pre___________Post______t____sig
Age (yr) 11.5 ± 1.14 11.6 ± 1.14 10.8 ± 0.90 11.0 ± 0.91 1.50 N.S.
Height (cm) 142.0 ± 8.93 142.7 ± 9.35 142.2 ± 7.06 143.0 ± 6.82 .07 N.S.
Weight (kg) 34.6 ± 5.60 34.8 ± 5.64 40.6 ± 8.78 40.7 ± 8.99 1.81 N.S.
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A erobic F itn ess
A erobic pow er was a sse sse d  on th e  treadm ill u s in g  th e  B ruce  p ro toco l 
(1 5 ). T he u n a d ju s te d  maximum and  submaximum in d ica to rs  of aerob ic  
f itn e ss  fo r  bo th  g ro u p s , p re -  and  p o s t- t ra in in g , a re  in d ica ted  in Table II. 
ANCOVA was u se d  to a d ju s t fo r  d iffe ren ces in th e  in itia l, p re - tr a in in g  
sco res be fo re  s ta tis t ic a l  com parisons (T ab le  I I I )  w ere perfo rm ed . As can 
b e  se e n , fo r  th e  maximum in d ic a to rs , perfo rm ance time to ex h au stio n  was 
th e  only v a riab le  fo r  which changes w ere d iffe re n t betw een th e  g ro u p s . 
T he w re s t le r s ’ time was in c re a se d  (p = .0 0 7 ). T h e re  a p p ea r to b e  in itia l 
d iffe ren ces  betw een g ro u p s  fo r  th e  V 0 2-HR c u rv e  c h a ra c te r is tic s  (F ig u re  
1, T able I I ) .  H ow ever, th e  ad ju s ted  da ta  (F ig u re  2, Table III )  ind ica te  
no d iffe ren ces  in changes betw een g ro u p s fo r  th e se  submaximum in d ica ­
to rs  .
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TABLE II
AEROBIC INDICATORS - UNADJUSTED (m ean ± S .D .)
Variable Wrestlers (n = 13) Comparison boys (n = 9)
___________________ Pre_____________ Post___________ Pre____________ Post______
Max V02
(1/min) 1.90 ± .25 2.00 ± .33 1.70 ± .24 1.70 ± .17
(ml/kg/min) 54.4 ± 4.51 57.1 ± 5.76 43.1 ± 7.45 44.2 ± 7.23
Time to exhuastion
(min) 13.1 ± .78 14.0 ± 1.11 11.3 ± 1.46 11.5 ± .89
Max HR
(beats/min) 199 ± 7.2 196 ± 7.1 200 ± 4.7 199 ± 5.6
Max VE (1/min) 66.1 ± 8.59 70.3 ± 10.96 65.6 ± 10.93 66.8 ± 10.52
Max R 1.0 ± .05 1.1 ± .05 1.1 ± .06 1.1 ± .04
Slope .47 ± .085 .44 ± .073 .36 ± .052 .35 ± .059
Intercept -40.9 + 12.19 32.1 ± 11.17 -28.0 ± 5.64 -25.1 ± 6.91
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TABLE III
AEROBIC INDICATORS - ADJUSTED (m ean ± S .E .)
Comparison boys (n = 9) Sig
1.83 ± .59
49.0 ± 2.04
N.S
N.S
12.2 ± .32 .007
198 ± 1.6
67.1 ± 2.57
1.13 ± .017
.40 ± .013
-30.1 ± 2.72
N.S
N.S
N.S
N.S
N.S
Variable Wrestlers (n = 13)
Max VO2
(1/min) 1.92 ± .049
(ml/kg/min) 53.8 ±1.60
Time to exhuastion
(min) 13.5 ± .26
Max HR
(beats/min) 196 ± 1.3
Max VE (1/min) 70.1 ±2.14
Max R 1.11 ± .013
Slope .40 ± .011
Intercept -28.7 ±2.19
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A naerobic F itn ess
A naerobic in d ica to rs  w ere a sse sse d  b y  analyzing  d a ta  from 2 so u rces : 
(1 ) th e  30 -second  b icycle  te s t ,  a n d ; (2 ) th e  level of m etabolic acidosis 
(MA) from th e  treadm ill te s t .  T he te s t  and  r e te s t  AP and  AC sco res a re  
p re s e n te d  in T able IV an d  F ig u re s  3 and  4. T he g ro u p  by  te s t - r e te s t  
ANOVA in d ica ted  s ig n ifican t (p< .05 ) g ro u p  d iffe ren ces and  te s t - r e te s t  
d iffe ren c e s . T he in te rac tio n  e ffec t is s ig n ifican t (p< .05 ) fo r  the  AP 
sco res : from te s t  1 to te s t  2, sco res  in c re a sed  fo r  th e  w re s tle rs  b u t  w ere
u n ch an g ed  fo r  th e  com parison b o y s . A lea rn in g  e ffec t may e x is t fo r  th ese  
anaerob ic  te s ts ,  especially  fo r  th e  w re s tle rs . T h e re fo re , the  second  te s t  
sco res  w ere u sed  as c rite r io n  sco res fo r  p re - tr a in in g
TABLE IV
RELIABILITY DATA FOR ANAEROBIC CAPABILITY TESTS 
PRE-TRAINING (m ean ± S .E .)
Variable Wrestlers Comparison Boys 
(n = 13) (n = 9)
Test
ANOVA Retest 
p values1 Pearson r
Test 1 Test 2 Test 1 
AP (kgm/min)
Test 2 P P
1394 ± 82.8 1600 ± 80.3 1215 ± 85.8 
AC (kgm)
1270 ± 84.6 r̂>r--Ooo
5826 ± 302.7 6667 ± 335.3 4564 ± 450.7 4981 ± 365.0 .00 .16 .88
1within and interaction p values, respectively
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FIGURE 3 
ANAEROBIC POWER: TEST-RETEST
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ANAEROBIC CAPACITY: TEST-RETEST
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F o r the  b icycle  t e s t ,  th e  u n a d ju s te d  AP (maximum w ork o u tp u t 
ach ieved  in  any of th e  5, 5 -second  in te rv a ls )  and  AC ( to ta l w ork p e r ­
form ed d u rin g  th e  25-second  te s t )  sco res a re  in d ica ted  in T able V. The 
a d ju s te d  AP sco res (T ab le  V I) ap p ro ach ed  s ta tis tic a l sign ificance  (p = .0 8 ), 
while th e  ad ju s te d  AC sco res  (also  Table V I) w ere s ig n ifican t (p = .0 5 ). For 
the  second  sou rce  of d a ta , th e  o n se t of m etabolic ac idosis , (M A), sco res 
a re  also g iven  in Table V. T he 4 .5  m l/kg /m in  ad ju s te d  d iffe ren ce  (T able  
V I) be tw een  g ro u p s  was n o t s ig n ifican t (p > .0 5 ).
TABLE V
ANAEROBIC INDICATORS-UNADJUSTED (mean ± S . D . )
Variable Wrestlers (n = 13) Comparison boys (n = 9)
Pre Post Pre Post
MA (ml/kg/min) 36.9 ± 5.691 40.1 ± 6.74 30.3 ± 5.89 31.2 ± 6.06
AP (kgm/min) 1601 ± 289.6 1503 + 284.0 1270 ± 253.8 1073 ± 275.3
AC (kgm) 6667 ± 1208.9 6426 ± 1171.0 4981 ± 1095.1 4256 ± 1211.7
*11=12
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TABLE VI
ANAEROBIC INDICATORS-AD JUSTED (m ean ± S . E . )
Variable Wrestlers (n = 13) Comparison boys (n = 9) Sig
MA (ml/kg/min) 
AP (kgm/min)
AC (kgm)
38.2 ± 1.721 
1396 ± 53.0 
5820 ± 190.0
33.7 ± 2.03 N.S. 
1229 ± 6 5 . 6  .08 
5132 ± 237.1 .05
1n=12
Body F a tn ess
In itia lly  th e  w re s tle rs  h ad  h ig h e r  body d en sitie s  (B d ) th an  th e  com­
p a riso n  boys (T ab le  V II) . T he estim ated  body  fa t  p e rc e n ts  (BF%), th e r e ­
fo re , w ere m uch low er fo r  th e  w re s tle rs . A lthough th e  w re s tle rs  h ad  much 
low er in itia l BF% and  sum of sk in fo lds (S S F ) (T ab le  V II) , th e re  w ere no 
d iffe ren ces  (p > .0 5 ) in th e  a d ju s te d  va lues (T ab le  V III) . T h u s , i t  a p p ea rs  
th a t  th e  w re s t le r s ’ p a rtic ip a tio n  in  th is  tra in in g  camp d id  n o t cause  th e ir  
ch an g es in  body  com position to  d iffe r  from th e  changes of th e  com parison 
b o y s .
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TABLE VII
BODY FATNESS INDICATORS - UNADJUSTED (m ean ± S .D .)
Variable Wrestlers (n = 13) Comparison Boys (n = 9)
Pre Post Pre Post
BF%
13.2 ± 4.07 12.7 ± 3.01 25.4 ± 7.921 25.0 ± 7.731
SSF (mn)
47.6 ± 20.01 46.0 ± 18.89 112.9 ± 65.8 117.5 ± 72.36
Bd (gm/cc)
1.0688 ± .00935 1.0699 ± .00691 1.0414 ± .017181 1.0422 ± .01689
RV (1)
.63 ± .204 .61 ± .208 .58 ± .100 .52 ± .0761
VC (1)
2.50 ± .517 2.49 ± .518 2.46 ± .401 2.46 ± .3921
1n=8
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TABLE VIII
BODY FATNESS INDICATORS - ADJUSTED (m ean ± S .E .)
Variable Wrestlers (n = 13) Comparison Boys (n = 9) Sig
BF% 16.6 ± .69 18.7 ± .961 N.S.
SSF (mn) 74.5 ± 2.31 76.3 ± 2.89 N.S.
Bd (gm/cc) 1.0612 ± .00159 1.0564 ± .002211 N.S.
RV (1) .59 ± .019 .54 ± .0241 N.S.
VC (1) 2.48 ± .027 2.49 ± .0341 N.S.
1n=8
55
CHAPTER IV
DISCUSSION
A erobic F itn ess
Maximum In d ica to rs
T he 5 day a week ru n n in g  tra in in g  perfo rm ed  b y  th e  w re s tle rs  in the
p re s e n t  s tu d y  c o n sis ted  of slow (ab o u t 4 .5 -5  m p h ), con tinuous (2-5  m iles)
jo g g in g , and  sp r in tin g  a f lig h t of s ta ir s  (10-20 u p -an d -d o w n  s p r in ts ,  each
s p r in t  la s te d  10-12 seconds and  was followed by  1-2 m in tues of r e s t ) .
Jo g g in g  was a low in te n s ity  s t r e s s o r  fo r  th e  w re s tle rs , m uch less  th an  the
•
ex erc ise  in te n s ity  re p o r te d  in  s tu d ie s  th a t  d e te c ted  tra in in g  max V 0 2 
in c re a se s  (25, 26, 27, 4 6 ), and  also less  th an  in s tu d ie s  th a t  re p o r te d  no 
change  in  tra in in g  max V 0 2 (33, 65). In  those  s tu d ie s  th a t  re p o r te d  max 
V 0 2 in c re a se s , th e  f re q u e n c y  an d  in te n s ity  of tra in in g  w ere bo th  h ig h , 
th a t  is ,  80-90% of max V 0 2 o r max HR, and  3-5 times w eekly (25 , 26, 27, 
46).
T hose s tu d ie s  th a t  d id  e labo ra te  on th e  f req u e n cy  and  in te n s ity  of 
th e  tra in in g  se ss io n s , gave  little  a tten tio n  to th e  d u ra tio n  of th e  sessions 
(20 , 22, 75). When time was d isc u sse d , w arm -up and  cool-dow n w ere 
u su a lly  in c lu d ed . When s p r in ts  and  in te rv a ls  w ere u se d , th e  d is tan c e , 
ex e rc ise  tim e, and  r e s t  in te rv a l time w ere n o t d isc u sse d . B ecause th ese
s tu d ie s  lack  th e se  im portan t tra in in g  d e s c r ip to rs , a d iscu ssio n  of tra in in g
/
q u a lity  is im possible.
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In  a d u lts , th e  h ig h e r  th e  in itia l aerob ic  f itn e ss  leve l, th e  less th e  
likelihood is  th a t  aerob ic  tra in in g  will e lic it a d e tec tab le  im provem ent in 
max V 0 2 . A pp ly ing  th is  logic to th e  young  w re s tle rs  in th e  p re s e n t  
s tu d y , one m ight a rg u e  th a t  th e  w re s tle rs ' h igh  mean in itia l max V 0 2 
(54 .4  + 1.25 m l/k g /m in ) would d ecrease  th e  p o ss ib ility  of fin d in g  an
in c re a se  in max V 0 2 ( re la tiv e  to th e  n o n - tra in in g  com parison b o y s) a f te r  
p a rtic ip a tin g  in th is  tra in in g  cam p. H ow ever, th e  ra n g e  of th e  in itia l max 
V 0 2 (m l/k g /m in ) sco res fo r  th e  s tu d ie s  th a t  re p o r te d  in c re a se s  in max V 0 2 
(42 .7  + 2.16 to 55 .6  + 2 .07 ) is v e ry  sim ilar to th e  ra n g e  of sco res  fo r  th e  
s tu d ie s  th a t  re p o r te d  no changes (42 .1  + 1.04 to 56.5 + 1 .7 3 ). A lthough 
th e re  is c e rta in ly  a limit beyond  which max V 0 2 canno t be in c re a se d , it  
would a p p e a r  from th e  p rec ee d in g  inform ation th a t  fo r  th ese  ex p erien ced  
young  w re s tle r s , th e  f re q u e n c y  and  in te n s ity  w ith w hich tra in in g  is p u r ­
su ed  will have  a la rg e  in fluence  on th e  likelihood of im proving  max V 0 2 .
Submaximum In d ica to rs
  #
T he sc an ty  d a ta  availab le  on submaximum in d ic a to rs , V 0 2-HR line
c h a ra c te r is tic s  (14 , 22, 46, 65, 75) do n o t p ro v id e  a good b asis  w ith which 
th e  re s u l ts  of th is  s tu d y  may be com pared . Among th e  s tu d ie s  th a t  
re p o r te d  on submaximum in d ic a to rs , th e  lack  of any  sim ilarity  among th e  
t ra in in g  v a ria b le s , ex cep t fo r  f re q u e n c y , m akes genera liza tion  of th e  
r e s u l ts  d ifficu lt a t b e s t .
T he f re q u e n c y  of tra in in g  in th e se  s tu d ie s , in c lu d in g  th e  p re s e n t  
one , was 4-5 sess io n s w eekly . In  th e  p re s e n t  s tu d y , no d iffe ren ces  w ere 
d e te c ted  betw een  th e  g ro u p s  fo r  changes in  th e  slopes and  in te rc e p ts  of 
th e  V 0 2-HR lin e s . T h is implies th a t  subm ax V 0 2 and  subm ax HR changes
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also did  n o t d iffe r . T he tra in in g ’ d is tance  in th is  s tu d y  is 2-4 times th a t 
of a n o th e r  s tu d y  (75) th a t  re p o r te d  no subm ax changes fo r  V 0 2 o r HR. 
H ow ever, th o se  su b je c ts  w ere m uch y o u n g e r (5 y e a rs  o ld) an d  p robab ly  
ra n  th e  w orkout more in te n s iv e ly  th an  the  w re s tle rs  ( th e y  h ad  to t r y  to 
keep  pace w ith th e ir  te a c h e r)  . T he s p r in ts  perfo rm ed  b y  th e  w re s tle rs  
w ere u n d o u b tab ly  v e ry  in te n se  b u t  th ey  w ere v e ry  b r ie f  an d  th e  reco v ery  
time was g re a t  (1 -2  m in u te s) . T h u s th e  to ta l ex e rc ise  time invo lved  was 
less th an  th a t  re p o r te d  fo r  s tu d ie s  th a t  found  d e c rea se d  subm ax HR values 
(46. 65). T h e re fo re , i t  a p p ea rs  th a t  the  d u ra tio n  of th e  w re s t le r s ’ h igh  
in te n s ity  tra in in g  (80-90% of max HR) was in su ff ic ien t to cause  changes in 
th e ir  submaximum V 0 2 and  HR th a t  would d iffe r  from changes th a t  the  
com parison boys m ight e x h ib it.
A naerobic F itn ess  
Metabolic A cidosis (MA, "anaerob ic  th re s h o ld ”)
Few, if a n y , MA d a ta  on ch ild ren  have  been  re p o r te d . T ra in in g  
s tu d ie s  have  shown th a t  p o s t- t ra in in g  lac ta te  levels w ere g re a te r  th an  
p re - t r a in in g  levels a t  maximum w ork  loads and  th a t  p o s t- t ra in in g  maximum 
w ork  loads w ere in c re a se d  (4 9 ). In  th e  p re s e n t  s tu d y , even  th o u g h  th e  
w re s tle rs  w ere unab le  to ach ieve a g re a te r  w ork load on th e  treadm ill, 
th e ir  a d ju s te d  p o s t- t ra in in g  perfo rm ance time to ex h au stio n  was s ig n ifi­
can tly  in c re a sed  (p= .007) com pared to the  change  in th e  perfo rm ance time 
of th e  com parison boys (T ab le  I I I ) .
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An in sp ec tio n  of T able V su g g e s ts  th a t  th e  w re s tle rs  h ad  h ig h e r  
in itia l and  fina l MA levels th an  th e  com parison b o y s. A fte r th e  7-w eek 
s tu d y , how ever, th e  changes in th e  two g ro u p s  w ere n o t fo und  to d if fe r , 
in d ica tin g  th a t  th e  tra in in g  camp was unab le  to to e licite  ch an g es in the  
w re s tle rs  th a t  d iffe red  from changes d e te c ted  fo r  th e  com parison boys.
A naerobic Pow er/A naerob ic  C apacity
Perform ance te s t  da ta  (9 ) in d ica te  th a t  active  (a th le tic )  ch ild ren  have  
g re a te r  AP and  AC capab ilities th a n  do in ac tiv e  (n o n -a th le tic )  c h ild re n . 
In sp ec tio n  of th e  AP and  AC sco res p re s e n te d  in T able V s u p p o r ts  th is  
f in d in g .
In  th e  p re s e n t  s tu d y , anaerob ic  capab ilities w ere a sse sse d  u s in g  a 
30-second  b icycle  te s t .  T he re s u lts  in d ica ted  th a t  AP and  AC changes fo r 
th e  w re s tle rs  w ere d if fe re n t (o r  n e a rly  so) th an  changes d e te c te d  fo r th e  
com parison b o y s . T he w re s t le r s ’ AC was in c re a sed  (p  ~ .0 5 ), an d  th e ir  
AP in c re a se  ap p ro ach ed  sign ificance  (p  = .0 8 ). T he 30-second  b icycle  te s t  
s t r e s s e s  m ainly th e  q u a d ric ep s  m uscle g ro u p s  of th e  th ig h s , th e  same 
m uscle g ro u p s  th a t  w ere p redom inan tly  u tilized  in th e  perfo rm ance  of the  
s ta i r - s p r in t  tra in in g .
I t  would seem logical to assum e th a t  th e  s ta i r - s p r in t  tra in in g  was 
re sp o n sib le  fo r  th e  w restlers*  p o s t- t ra in in g  im provem ents in  AP and  AC. 
E x trap o la tin g  th is  in te rp re ta tio n  one s tep  f u r th e r ,  i t  is su g g e s te d  th a t  the  
in c re a se s  in  AP and  AC may be  th e  rea so n  th a t  th e  w re s tle rs  h ad  a 
g re a te r  in c re ase  th a n  th e  com parison boys fo r  perfo rm ance  time to  e x h a u s­
tion  .
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Body F a tn ess  
Sum of S k in fo ld /P e rc en t Body F a t
O th e r s tu d ie s  have  re p o r te d  th a t  ac tive  c h ild ren  have  more lean  m ass 
and  less  fa t  m ass th an  in ac tiv e  c h ild ren  (54) an d  th a t  no change in body  
com position o c c u rre d  as a r e s u l t  of a th le tic  o r  ex e rc ise  tra in in g  (17 ). T he 
re s u lts  of th is  s tu d y  su p p o r t th e se  f in d in g s . In itia l and  fina l p e rc e n t 
body  fa t  and  sum of sk in fo lds m easurem ents (T ab le  V II) ind ica te  th a t  on 
bo th  occassions th e  w re s tle rs  h ad  less  body  fa t  th a n  th e  com parison b o y s . 
A fte r ad ju stm en ts  w ere made fo r  th e se  in itia l d if fe re n c e s , th e re  w ere no 
d iffe ren ces  d e te c ted  fo r  changes betw een th e  g ro u p s  (T ab le  V III) , in d ic a t­
ing  th a t  th e  w res tlin g  camp was n o t able to p ro d u ce  body  com position 
changes in  th e  w re s tle rs  th a t  w ere d iffe re n t from ch an g es th a t  may) have: N 
been  fo und  in  th e  com parison b o y s.
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CHAPTER V 
SUMMARY
T his s tu d y  com pared th e  physio log ical an d  p h y sic a l ch an g es in e x p e r­
ienced  p re p u b e sc e n t c h ild ren  w re s tle rs  who p a r tic ip a te d  in an in ten s iv e  
7 -week sum m er w re s tlin g  camp to changes th a t  o c c u rre d  in a n o n - tra in in g  
g ro u p  of com parison boys o v e r a sim ilar time p e rio d . W restlers from the  
Omaha a re a  and  th e  su rro u n d in g  s ta te s  p a rtic ip a te d  in th is  camp fo r 5 
days a w eek, 8 h o u rs  a d ay . T hey  perfo rm ed  rig o ro u s  aerob ic  and  
anaerob ic  tra in in g  an d  im proved th e ir  w re s tlin g  perfo rm ance  capab ilities by  
m aste rin g  new sk ills  and  re f in in g  e x is tin g  o n e s .
T he ae ro b ic , an ae ro b ic , and  body fa tn e ss  in d ic a to rs  of th e  w re s tle rs  
w ere a sse sse d  p r io r  to an d  imm ediately follow ing th e  cam p. A g roup  of 
n o n -a th le tic  com parison boys of sim ilar age and  h e ig h t w ere m easu red  fo r 
th e  same in d ic a to rs  b e fo re  an d  a f te r  a 7 -week p e rio d , in  each case , 1 week 
a f te r  th e  w re s tle rs . T h ese  com parison boys w ere m em bers of a local B oy’s 
Club and  w ere n o t invo lved  in  any  o rg an ized  a th le tic  o r  ex e rc ise  tra in in g  
p ro g ra m .
D ifferences betw een  th e  g ro u p s  w ere found  only fo r  changes in p e r ­
form ance time to ex h au stio n  (p  = .007) a n d , AC (p = 0 5 ). A n e a r  s ig n ifi­
c an t d iffe ren ce  was found  fo r  th e  changes in  AP (p = .0 8 ). No d iffe ren ces 
betw een  th e  g ro u p s  w ere n o ted  fo r  ch an g es in  any  of th e  rem ain ing  
v a r ia b le s .
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CONCLUSIONS
B ased  on th e  r e s u lts  of th is  s tu d y , th e  following conclusions can be 
draw n re g a rd in g  th e  physio log ical and  p h y sica l e ffec ts  of a seven  week 
summer w re s tlin g  camp on e x p erien ced  p re p u b e sc e n t w re s tle rs .
1. A erobic f itn e ss
a . Maximum in d ica to rs
T he w res tlin g  camp was unab le  to p ro d u ce  max V 0 2 changes 
in  th e  w re s tle rs  th a t  d iffe red  from changes m easu red  in  th e  
n o n - tra in in g  com parison b o y s .
b . Submaximum in d ica to rs
T he w re s tlin g  camp was unab le  to p ro d u ce  changes in the  
V 0 2-HR c u rv e  c h a ra c te r is tic s  (slopes and  in te rc e p ts )  of the  
w re s tle rs ' th a t  d iffe red  from changes d e te c ted  in  th e  n o n ­
tra in in g  com parison bo y s.
2. A naerobic f itn e ss
T he w re s tlin g  camp was unab le  to p ro d u ce  changes in  th e  w re s t­
le r s ' level of o n se t of m etabolic acidosis (MA) th a t  w ere d iffe re n t 
th an  th e  changes fo und  fo r th e  n o n - tra in in g  com parison b o y s. 
I t  a p p e a rs , h o w ev er, th a t  th e  w re s tlin g  cam p’s s ta ir s p r in t  t r a in ­
in g  was su c ce ss fu l in  p ro d u c in g  changes ( in c re a se s  in AP and  
AC) in  th e  w re s t le r s ’ AP an d  AC th a t  d iffe re d  from changes in 
th e  com parison b o y s.
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3. B ody fa tn e ss
T he w restlin g  camp was unab le  to p ro d u ce  changes in  th e  w re s t le r s ’ 
body com position in d ic a to rs  (S S F , B d , BF%) th a t  w ere  d iffe re n t from 
ch an g es th a t o c c u rre d  in th e  n o n - tra in in g  com parison b o y s .
PRACTICAL IMPLICATIONS
T he re s u lts  of th is  s tu d y  in d ica te  th a t  th e  w re s tlin g  camp tra in in g  
regim en could no t p ro d u ce  ch an g es in th e  w re s tle r s ’ aerob ic  f itn e ss  th a t
w ere d if fe re n t th an  th o se  ch an g es th a t  a re  ex p ec ted  due to norm al g row th
and  developm ent. T h ere  a re  2 im portan t p o in ts  th a t  may exp la in  th ese  
r e s u l t s :
1. T he w re s t le r s ’ in itia l aerob ic  pow er and  V 0 2-HR line c h a ra c te r ­
is tic s  w ere e lev a ted  re la tiv e  to th e  com parison b o y s ' va lues and
th e re  was lit tle  m arg in  fo r  im provem ent (T ab le  I I ) ,  and ;
2. T he in te n s ity  an d  d u ra tio n  of th e  w re s t le r s ’ tra in in g  w ere no t
h ig h  enough  to e lic it changes th a t  w ere d iffe re n t from changes
th a t  m ight be  found  in th e  n o n - tra in in g  com parison b o y s . If th e  
w re s tle rs ' aerob ic  f i tn e ss  im provem ents a re  to exceed  those  
a sso c ia ted  w ith norm al g row th  and  developm ent (su c h  as those  
e x h ib ited  b y  th e  n o n - tra in in g  com parison b o y s) th en  th e  in te n ­
s ity  and  th e  d u ra tio n  of th e  aerobic  f i tn e ss  stim u la to rs in th is
camp m ust be  in c re a se d . H ow ever, if w re s tlin g  is a p redom ­
in an tly  anaerob ic  sp o r t (90%) as was p rev io u s ly  in d ic a te d  (3 1 ), 
th e n  add itional aerob ic  cond ition ing  would be u n n e c e ssa ry .
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T h is s tu d y ’s fin d in g  of a d iffe ren ce  betw een  g ro u p s fo r  changes in 
anaerob ic  capab ilities  in d ica te s  th a t  th e  w restlin g  cam ps' anaerob ic  tra in in g  
stim ulus o p e ra ted  su c c e ss fu lly . T he d iffe ren ces in th e  ch an g es d e tec ted  
w ere a s ig n ifican t in c re ase  in  AC (p  = .05) and  a n e a r  s ig n ifican t in c rease  
in  AP (p  = .0 8 ), bo th  in  fa v o r  of th e  w re s tle rs .
In  view of th e  fa c t th a t  ch an g es in  max V 0 2 betw een th e  g ro u p s  w ere
n o t d iffe re n t b u t  perfo rm ance  time to ex h au stio n  changes w ere , i t  seems 
p ossib le  th a t  th e  d iffe ren ces  in  th e  anaerob ic  in d ica to r changes may p ro ­
v ide  a t le a s t a p a r t ia l  exp lanation  fo r  th e  in c re a se d  (p  = .007) perfo rm ance 
time of th e  w re s tle rs  re la tiv e  to th e  com parison b o y s . T he in c re a se d  AP 
an d  AC of the  w re s tle rs  ( re la tiv e  to  th e  com parison b o y s) may h ave  p ro ­
v id ed  th e  add itional e n e rg y  so u rces  n e c e ssa ry  to in c re a se  perfo rm ance 
tim e.
R elative  to th e  com parison b o y s , th e  w re s tle rs  have  m uch less  body
fa t .  I t  is h ig h ly  un like ly  th a t  any  tra in in g  th e  w re s tle rs  rece iv e  in  th is
camp will r e s u l t  in ch an g es th a t  d if fe r  from changes th a t  may o ccu r in th e  
n o n - tra in in g  com parison b o y s . Employm ent of m ethods th a t  r e s u l t  in  a 
f u r th e r  red u c tio n  of body  fa t  in  th e  w re s tle rs  may p ro v e  harm fu l to th e ir  
g e n e ra l h e a lth  an d  w ell-be ing .
T h e re  is a need  fo r  f u r th e r  s tu d y  of th e  e ffe c ts  of e x e rc ise  tra in in g  
on p re p u b e sc e n t c h ild re n . F o r th is  sum m er w re s tlin g  tra in in g  camp th e  
follow ing su g g e s tio n s  a re  fo rw ard ed :
1. As a cc u ra te ly  as p o ss ib le , a s se ss  th e  in te n s i ty , d u ra tio n , and  
fre q u e n c y  of th e  tra in in g  p ro c e d u re s  em ployed w ithou t in te r -  
f e r r in g  w ith  th e  ad m in istra tio n  of th e  tra in in g . T h is is n e c e s­
sa ry  to  q u a n tify  th e  tra in in g  fo r  com parison w ith o th e r  s tu d ie s .
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2. A ttem pt to a sse ss  th e  anaerob ic  f itn e ss  of th e  arm and  u p p e r  
body  m u sc u la tu re . T he sp o r t  of w re s tlin g  re q u ire s  an ex ten siv e  
u tiliza tion  of th e  u p p e r  body m uscle g ro u p s , p e rh a p s  more th an  
th a t  re q u ire d  of th e  le g s . I t  would be u se fu l, th e re fo re , to 
determ ine th e  su ccess  of th is  tra in in g  p rog ram  in in c re as in g  the  
aerob ic  an d  anaerob ic  capab ilities of th e  arm s and  u p p e r  body as 
well as th e  le g s .
3. I t  is recom m ended th a t  th e  w re s tlin g  tra in in g  ro u tin e  em phasis
on aerob ic  cond ition ing  be re d u c e d  fo r  rea so n s  p rev io u s ly  d is ­
c u sse d :
a . T he w re s t le r s ’ h ig h  in itia l aerob ic  f i tn e s s  leaves little  room 
fo r  im provem ent, an d ;
b . W restling  is p rim arily  an anaerob ic  sp o r t  and  m uch of the  
time in v e s te d  in aerob ic  tra in in g  cou ld , th e re fo re , be  b e t te r  
u tilized  fo r  o th e r  ty p e s  of tra in in g .
4. T he w re s tlin g  tra in in g  ro u tin e  should  include  more anaerob ic
tra in in g  time b ecau se  of th e  h eav y  anaerob ic  dem ands of the  
s p o r t .  Some of th e  time f re e d  by  red u c in g  th e  volume of aerob ic  
tra in in g  shou ld  be u tilized  fo r  added  anaerob ic  cond ition ing .
5. W restling  sk ills  may also be g iven  add itional a tten tio n  w hen time
form erly  allo ted  to aerob ic  cond ition ing  is rea llo ca ted . W restling 
sk ills  acqu isition  is ,  a f te r  a ll, a p rim ary  reason  m ost of th ese  
w re s tle rs  a tte n d  th is  cam p.
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D e a r  J o e :
E n c l o s e d  a r e  d u p l i c a t e  c o p i e s  o f  t h e  d a t a  y o u  r e c e i v e d  e a r l i e r .
T w o  e n c l o s u r e s  a r e  i n c l u d e d .  "SUMMARY" i s  a  q u i c k  o v e r v i e w  o f  t h e  b o d y  
c o m p o s i t i o n  m e a s u r e m e n t s  a n d  t r e a d m i l l  t e s t  r e s u l t s .  " W R E S T L E R 'S  D A IL Y  
WORKOUT" c o n t a i n s  s u g g e s t i o n s  f o r  f l e x i b i l i t y  e x e r c i s e s ,  c i r c u i t  w e i g h t  
t r a i n i n g ,  a n d  m i s c e l l a n e o u s  m e a s u r e s  w e  f e e l  w o u l d  m a k e  t h e  t r a i n i n g  
r o u t i n e  s a f e r  f r o m  p h y s i o l o g i c a l  a n d  p h y s i c a l  s t a n d p o i n t s .
F u r t h e r  s t a t i s t i c a l  a n a l y s i s  w i l l  b e  p e r f o r m e d  o n  t h e s e  d a t a  a n d  
y o u  w i l l  r e c e i v e  c o p i e s  o f  t h e  r e s u l t s .  P l e a s e  s e n d  u s  t h e  " i n f o r m a t i o n  
f o r  a u t h o r s "  m a t e r i a l  f r o m  t h e  w r e s t l i n g  p u b l i c a t i o n s  y o u  r e c e i v e .
T h a n k  y o u  a g a i n  f o r  y o u r  g r o u p ' s  a s s i s t a n c e .
S i n c e r e l y ,
W a d e  H o y t  T h o m s o n ,
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SUMMARY S u m m e r  W r e s t l i n g  C a m p
1
T h e  f o l l o w i n g  t a b l e s  c o n t a i n  c a r d i o v a s c u l a r  a n d  b o d y  c o m p o s i t i o n  d a t a  c o l l e c t e d  
l a s t  s u m m e r .  T h e  p r e p u b e s c e n t  m a l e  s u b j e c t s  w e r e  w r e s t l e r s  ( a v e r a g e  a g e  =  1 1 . 5  y r . , 
r a n g e  =  9 . 6  t o  1 2 . 9  y r . )  p a r t i c i p a t i n g  a n  a  7  w e e k  s u m m e r  w r e s t l i n g  c a m p  a n d  c o n t r o l s  
( a v e r a g e  a g e  =  1 1 . 0  y r . ,  r a n g e  = 9 . 4  t o  1 2 . 1  y r . )  n o t  i n v o l v e d  i n  a n y  o r g a n i z e d  a t h ­
l e t i c  t r a i n i n g .  T h e  " p r e "  a n d  " p o s t "  m e a s u r e m e n t s  w e r e  t a k e n  a p p r o x i m a t e l y  6% w e e k s  
a p a r t .
T h e  c a r d i o v a s c u l a r  m e a s u r e s  a r e :  SlVO^, t h e  m a x i m u m  o x y g e n  c o m s u m p t i o n  p e r  k i l o g r a m  
o f  b o d y  w e i g h t  p e r  m i n u t e ;  MHRf t h e  m a x i m u m  h e a r t  r a t e  i n  b e a t s  p e r  m i n u t e ;  T ,  t o t a l  
w a l k i n g  a n d  r u n n i n g  t i m e  o n  t h e  t r e a d m i l l  i n  m i n u t e s .  T h e  b o d y  c o m p o s i t i o n  m e a s u r e s  
a r e :  S S F ,  t h e  s u m  i n  m i l l i m e t e r s  o f  7  s k i n f o l d s  i n c l u d i n g  t r i c e p s ,  c h e s t ,  s c a p u l a ,
m i d a x i l l a r y ,  a b d o m e n ,  i l i a c ,  t h i g h ;  W, w e i g h t ;  FW , f a t  w e i g h t ;  LW, l e a n  w e i g h t  ( a l l  3 
e x p r e s s e d  i n  k i l o g r a m s ) ; a n d ,  % F a t .
T a b l e  1  c o n t a i n s  t h e  p r e -  a n d  p o s t -  v a l u e s  f o r  a l l  t h e s e  m e a s u r e s  ( a v e r a g e  + s t a n ­
d a r d  e r r o r ) . T a b l e  2 c o n t a i n s  t h e  d i f f e r e n c e  s c o r e s  ( p o s t -  m i n u s  p r e - t r a i n i n g )  f o r  
s e l e c t e d  m e a s u r e s .  N o  s t a t i s t i c a l  d i f f e r e n c e s  ( p > . 0 5 )  w e r e  f o u n d  b e t w e e n  t h e  g r o u p s  
f o r  a n y  o f  t h e  s c o r e s .
I t  w a s  n o t  s u r p r i s i n g  t h a t  n o  s i g n i f i c a n t  c h a n g e s  o c c u r r e d  i n  t h e  c o n t r o l s  b e c a u s e  
t h e y  w e r e  n o t  t r a i n i n g  a t h l e t i c a l l y  b e f o r e  o r  d u r i n g  t h e  s t u d y ;  h o w e v e r ,  o n e  m i g h t  r e a ­
s o n a b l y  h a v e  e x p e c t e d  t h e  w r e s t l e r s  t o  e x p e r i e n c e  s o m e  s i g n i f i c a n t  i m p r o v e m e n t s  d u e  t o  
t h e  r i g o r o u s  t r a i n i n g  t h e y  p e r f o r m e d .  T h e i r  i n i t i a l  f a v o r a b l e  s c o r e s  o n  t h e s e  v a r i a b l e s  
i n d i c a t e  t h e  w r e s t l e r s  b e g a n  t h e  c a m p  h i g h l y  t r a i n e d  a n d  f u r t h e r  i m p r o v e m e n t s  w o u l d  b e  
d i f f i c u l t  t o  e l i c i t .  T h i s  m a y  a l s o  i n d i c a t e  t h a t  c h a n g e s  c a n  b e  m a d e ,  i f  d e s i r e d ,  i n  
c e r t a i n  a s p e c t s  o f  t h e i r  s u m m e r  w r e s t l i n g  c a m p  w i t h o u t  f e a r  o f  s u f f e r i n g  a  d e t r a i n i n g  
e f f e c t .
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Summer Wrestling Camp 
2
Table 1.
Physiological Measures: Treadmill
Variables Wrestlers • Controls
Pre. Post Pre Post
mvo2 54.53 t  *-3 57-77 + 1.2 43.12 + 2.5 42.02 + 2.4
MHR 199.31 t  2*° 1 9 7 .1 5 i 1 .7 199.89 +1.6 198.67 +1.9
T 13.14 + 0.2 13.97 ± °-3 11.33 t  °*5 11.51 t  °-3
Physical Measures: Body Composition
Underwater weighing & body measurements
W 34.59 + 1.6 34.81 +1.6 40.59 +2.9 40.72 +3.0
FW 4.56 4.42 1 0 .3 1 10.20
LW 30.03 30.39 30.28 30.52
SSF 47.55 + 5-6 45.97 + 5.2 115.13 + 23.1 117.57 + 24.1
% Fat 1 3 .1 7 + 1.1 1 2 .6 9 + 0.8 25.41 + 2.8 2 5 .0 5 + 2 .?
Table 2.
Difference Scores: Change + Standard Error
Variables Wrestlers Controls
m o 2 3.24 +1.4 0.80 +1.5
MHR -2.15 t 1.1 -1.22 + 1.3
T 0.83 + 0.2 0.18 + 0.3
SSF -1.58 +1.3 2.43 + 2.1
% Fat -0.48 + 0.7 -0 .3 2 +0.5
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W a r m - u p :  1 .  C o n t i n u o u s ,  s l o w  j o g ,  l b - 2 0  m i n u t e s .
2 .  S t r e t c h i n g :  s l o w ,  s u s t a i n e d  s t r e t c h e s ,  n o  b o u n c i n g .
a .  I n c r e a s e  r a n g e  o f  m o t i o n  (R O M ) .
b .  D e c r e a s e  s t i f f n e s s  a n d  s o r e n e s s .
c .  D e c r e a s e  p o s s i b i l i t y  o f  d a m a g i n g  m u s c l e s ,  t e n d o n s ,  a n d  l i g a m e n t s .
3 .  T y p e s  o f  s t r e t c h e s :
a .  H e a d  c i r c l e s :  1 0  i n  e a c h  d i r e c t i o n .
b .  A r m  c i r c l e s :  b e g i n  w i t h  s m a l l  c i r c l e s ,  i n c r e a s i n g  i n  s i z e  f o r  1 5
r e p e t i t i o n s ,  t h e n  r e p e a t  i n  t h e  o p p o s i t e  d i r e c t i o n .
c .  S h o u l d e r s :  o n e  a r m  u p ,  t h e  o t h e r  d o w n .  C l a s p  t h e  h a n d s  b e h i n d  t h e
b a c k ,  o r  u s e  o n e  h a n d  t o  p u l l  t h e  o p p o s i t e  e l b o w  b e h i n d  t h e  h e a d .
R e p e a t  o n  e a c h  s i d e  f o r  3 t i m e s ,  h o l d i n g  e a c h  s t r e t c h  8 - 1 0  s e c o n d s .
d .  T r u n k  r o t a t o r s :  b e g i n  w i t h  t h e  f e e t  " s h o u l d e r  w i d t h "  a p a r t ,  k n e e s
s t r a i g h t ,  b a c k  s t r a i g h t ,  h a n d s  o n  h i p s — m a k e  1 0  l a r g e ,  s l o w  c i r c l e s  
i n  b o t h  d i r e c t i o n s .
e .  H i p  r o t a t o r s :  f r o m  t h e  s a m e  s t a r t i n g  p o s i t i o n  a s  a b o v e ,  m a i n t a i n  t h e
t r u n k  i n  a n  u p r i g h t  p o s i t i o n  a n d  m a k e  l a r g e  c i r c l e s  w i t h  t h e  h i p s ,  1 0  
i n  e a c h  d i r e c t i o n .
f .  T o e  t o u c h e r s :  w i t h  t h e  f e e t  t o g e t h e r ,  h o l d  t h e  a n k l e s  f o r  6 - 8  s e c o n d s ,
s t r e t c h  a s  f a r  a s  p o s s i b l e ,  a n d  r e p e a t  3 t i m e s .
g .  W o o d  c u t t e r :  w i t h  t h e  f e e t  s p r e a d  w i d e  a p a r t  a n d  t h e  k n e e s  s t r a i g h t ,
r e a c h  b e h i n d  a n d  b e t w e e n  t h e  l e g s  a s  f a r  a s  p o s s i b l e ,  h o l d  f o r  4 - 5  
s e c o n d s ,  a n d  r e t u r n  t o  t h e  u p r i g h t  p o s i t i o n .  R e p e a t  1 0  t i m e s .
h .  G r o i n  s t r e t c h e s :  f a c e  f o r w a r d  w i t h  t h e  f e e t  b e t w e e n  " s h o u l d e r ” a n d
" s p r e a d  w i d t h " .  K e e p  t h e  t r u n k  u p r i g h t  a n d  o n e  k n e e  s t r a i g h t  w h i l e  
b e n d i n g  t h e  o t h e r  k n e e  t o  l o w e r  t h e  b o d y ,  u s i n g  t h e  h a n d s  i f  n e e d e d  
t o  m a i n t a i n  b a l a n c e .  M a i n t a i n  t h e  " d o w n "  p o s i t i o n  f o r  6 - 8  s e c o n d s ,  
t u r n  t h e  t r u n k  t o  f a c e  t h e  b e n t  k n e e ,  h o l d i n g  f o r  6 - 8  s e c o n d s .  R e p e a t
b o t h  p h a s e s  3 t i m e s  o n  e a c h  s i d e .
i .  C a l f  s t r e t c h e s :  f a c e  a  w a l l ,  o n e  s t e p  a w a y ,  w i t h  t h e  f e e t  t o g e t h e r .
K e e p  t h e  h e e l s  o n  t h e  f l o o r ,  t h e  k n e e s  s t r a i g h t ,  a n d  l e a n  t o w a r d  t h e
w a l l .  I f  n o  s t r e t c h  i s  f e l t ,  m o v e  f a r t h e r  f r o m  t h e  w a l l  u n t i l  a  s t r e t c h  
i s  f e l t  o n  t h e  l e a n .  T o  i m p r o v e  t h e  s t r e t c h  d u r i n g  t h e  l e a n ,  k e e p  t h e  
h e e l s  f l a t  a n d  b e n d  t h e  k n e e s  u n t i l  m o r e  s t r e t c h i n g  i s  f e l t .  H o l d  e a c h  
s t a g e  f o r  6 - 8  s e c o n d s  a n d  r e p e a t  e a c h  3 t i m e s ,  m o v i n g  f a r t h e r  f r o m  t h e  
w a l l  e a c h  t i m e .
j .  B e n t - l e g g e d  s i t - u p s :  c u r l  t h e  t r u n k  a n d  b r i n g  o n e  s h o u l d e r  t o w a r d  t h e
o p p o s i t e  k n e e .  U n c u r l  a n d  r e p e a t  t o w a r d  t h e  o p p o s i t e  s i d e .  P e r f o r m  
1 0  i n  2 0  s e c o n d s ,  r e s t  f o r  2 0  s e c o n d s ,  a n d  r e p e a t  t h i s  c y c l e  3 t i m e s .
A s  c o n d i t i o n i n g  i m p r o v e s ,  t h e  n u m b e r  o f  s e t s  a n d / o r  r e p e t i t i o n s  m a y  b e
i n c r e a s e d ,  t h e  p a c e  m a y  b e  i n c r e a s e d ,  a n d  t h e  r e s t  i n t e r v a l  m a y  b e  d e ­
c r e a s e d  .
k .  F i n g e r t i p  p u s h - u p s :  w i t h  t h e  s p i n e  h e l d  s t r a i g h t  a n d  t h e  h a n d s  p l a c e d
d i r e c t l y  b e n e a t h  t h e  s h o u l d e r s ,  t h e  e l b o w s  s h o u l d  b e  c o m p l e t e l y  e x t e n d e d
a n d  t h e  b o d y  l o w e r e d  u n t i l  t h e  n o s e  t o u c h e s  t h e  f l o o r .  R e p e a t  5  t i m e s  
i n  1 0  s e c o n d s ,  r e s t  f o r  1 0  s e c o n d s  a n d  r e p e a t  3 t i m e s .  A s  c o n d i t i o n i n g  
i m p r o v e s ,  m o d i f y  t h e  p r o c e d u r e  a s  w i t h  s i t - u p s .
University of Nebraska at Omaha University of Nebraska—Lincoln University of Nebraska Medical Center
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T r a i n i n g  s h o u l d  i m m e d i a t e l y  f o l l o w  w a r m - u p  a n d  b e  f o l l o w e d  b y  a t  l e a s t  o n e  d a y  o f  r e s t .  
T h i s  c i r c u i t  d e p e n d s  o n  i n d i v i d u a l  n e e d s ,  a n d  t h e  e q u i p m e n t  a n d  a r e a  a v a i l a b l e .
: a t i o n E x e r c i s e R e p e t i t i o n s
1 . B e n c h  p r e s s 8 - 1 0 - 1 2
2 . S i t - u p s 1 2 - 1 6 - 1 8
3 . C h i n - u p s 3 - 5 - 8
4 . S t a i r  s p r i n t s 4 - 6 - 8
5 . C u r l s 8 - 1 0 - 1 2
6 . L a t  p u l l s 8 - 1 0 - 1 5
7 . K n e e  c u r l s 8 - 1 0 - 1 5
8 . B a r  d i p s 2 - 4 - 6
9 . K n e e  e x t e n s i o n s 8 - 1 0 - 1 2
1 0 . J o g  l a p 1 - 2 - 3
D A IL Y  S K I L L  D R I L L S
P u r p o s e :  d e v e l o p  s k i l l  a n d  c o n d i t i o n i n g .
1 .  R i d i n g .  S e t s :  1 - 3  1 0  X R @ 0 : 1 0  ( 0 : 3 0 )
a .  m a n  o n  t h e  b o t t o m  a t t e m p t s  t o  © s c a p e  f o r  1 0  s e c o n d s ,  r e s t s  f o r  3 0  s e c o n d s ,  
a n d  r e p e a t s  f o r  1 0  t i m e s .
b .  a s  c o n d i t i o n i n g  i m p r o v e s ,  s e t s  a n d / o r  r e p e t i t i o n s  m a y  b e  i n c r e a s e d ,  r i d e  
t i m e  m a y  b e  i n c r e a s e d  g r a d u a l l y  u p  t o  3 0  s e c o n d s  a n d  r e s t  t i m e  m a y  b e  d e ­
c r e a s e d  g r a d u a l l y  t o  1 0  s e c o n d s .
2 .  S p i n n i n g .  S e t s :  1 - 3  1 0  X S @ 0 : 1 0  ( 0 : 3 0 )
a .  m a n  o n  t h e  b o t t o m  s u p p o r t s  t o p  m a n  w h o  s p i n s  a r o u n d  u s i n g  h i s  l e g s  f o r  1 0  
s e c o n d s  a n d  r e s t s  f o r  3 0  s e c o n d s .
b .  a s  c o n d i t i o n i n g  i m p r o v e s ,  m o d i f y  a s  a b o v e .
3 .  O t h e r  e x e r c i s e s  m a y  b e  a d d e d  a s  t h e  c o a c h  s e e s  f i t .
K e y : 1 0  X R @ 0 : 1 0  ( 0 : 3 0 )
l e n g t h  o f  r e s t ,  i n  s e c o n d s  
l e n g t h  o f  e x e r c i s e ,  i n  s e c o n d s  
_ t y p e  o f  e x e r c i s e  (R  =  R i d i n g ,  S  =  S p i n n i n g )  
n u m b e r  o f  t i m e s  t o  r e p e a t  t h e  e x e r c i s e
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1 .  U u a m y  t h r o w . E l i m i n a t e  t h i s  d r i l l  u n l e s s  t h e  w m a L l t i i b  a i e  s e g ^ ' e g a L e d  b y  a y e  a n d  
b y  w e i g h t ,  a n d  d i f f e r e n t  s i z e d  d u m m i e s  c a n  b e  u s e d .
2 .  F l u i d  a n d  m i n e r a l  r e p l a c e m e n t ,  a n d  t h e  p r e v e n t i o n  o f  h e a t  i n j u r i e s . D u r i n g  p h y s i c a l  
a c t i v i t y ,  t h e  d u r a t i o n  a n d  s t r e n u o u s n e s s  o f  t h e  a c t i v i t y ,  t h e  t y p e  a n d  a m o u n t  o f  
c l o t h i n g  w o r n ,  t h e  t e m p e r a t u r e ,  a n d  t h e  h u m i d i t y  a l l  d e t e r m i n e  h o w  m u c h  w e i g h t  w i l l  
b e  l o s t .  L o s s e s  o f  f r o m  5  t o  1 5  p o u n d s  a r e  n o t  u n u s u a l .  I f  t h e  f l u i d  ( o r  f l u i d s  
a n d  m i n e r a l s )  a r e  n o t  r e p l a c e d  q u i c k l y  a n d  s e n s i b l y ,  h e a t  i l l n e s s  r e s u l t s .
B o d y  w e i g h t  s h o u l d  b e  r e c o r d e d  b e f o r e  a n d  a f t e r  p r a c t i c e  t o  p r e v e n t  i n j u r i e s  
c a i u s e d  b y  e x c e s s i v e  h e a t  l o s s .  A d e f i c i t  o f  3 p e r  c e n t  m u s t  b e  r e p l a c e d  w i t h i n  2 4 -  
4 8  h o u r s .  F o r  e x a m p l e ,  i f  t h e  p r e - w o r k o u t  w e i g h t  i s  1 0 0  p o u n d s  a n d  t h e  p o s t - w o r k o u t  
i s  9 5  p o u n d s ,  t h e  a t h l e t e  m u s t  w e i g h t  a t  l e a s t  9 7  p o u n d s  ( w i t h i n  3  p e r  c e n t  o f  t h e  
p r e - w o r k o u t  w e i g h t )  a t  t h e  n e x t  p r e - w o r k o u t  w e i g h - i n  i f  h e  i s  g o i n g  t o  p a r t i c i p a t e ,  
w h e t h e r  i t  b e  a  p r a c t i c e  o r  a  m a t c h .  F u r t h e r  p a r t i c i p a t i o n  m u s t  n o t  b e  a l l o w e d  u n ­
t i l  t h e  a t h l e t e  r e t u r n s  t o  w i t h i n  t h e  3 p e r  c e n t  g u i d e l i n e .  A t h l e t e s  w h o  l o s e  w e i g h t  
i n  e x c e s s  o f  3  p e r  c e n t  b u t  w h o  c o m e  b a c k  a t  t h e  n e x t  w e i g h - i n  w i t h i n  t h e  3 p e r  c e n t  
g u i d e l i n e  m a y  p r a c t i c e  o r  c o m p e t e .
S w e a t  c o n t a i n s  m u c h  m o r e  w a t e r  t h a n  s a l t  ( t h e  a m o u n t  o f  s a l t  i n  s w e a t  d e c r e a s e s  
a s  t h e  a t h l e t e  a d j u s t s  t o  e x e r c i s e  i n  h o t  a n d / o r  h u m i d  c o n d i t i o n s ) . D u r i n g  e x e r c i s e  
i n  h i g h  h e a t  a n d / o r  h i g h  h u m i d i t y ,  w a t e r  m u s t  b e  r e p l a c e d  d u r i n g  a n d  a f t e r  a c t i v i t y  
t o  p r e v e n t  h i g h  b o d y  t e m p e r a t u r e s  a n d  h e a t  i l l n e s s .  W a t e r  i s  m u c h  m o r e  i m p o r t a n t  
t h a n  s a l t  a n d  m u s t  b e  d r u n k  a t  f r e q u e n t  i n t e r v a l s ,  p e r h a p s  e v e r y  2 0  m i n u t e s ,  a n d  c e r ­
t a i n l y  n o l e s s f r e q u e n t l ^ _ t h a n e v e r y 6 0 m i n u t a s . F o r  l e n g h t y  e x e r t i o n s ,  t h e  f l u i d  
r e p l a c e m e n t  s h o u l d  c o n t a i n  b o t h  s u g a r  a n d  e l e c t r o l y t e s .  G a t o r a d e  i s  a  c o m m e r c i a l  
p r e p a r a t i o n  d e s i g n e d  f o r  t h i s  p u r p o s e ,  a l t h o u g h  a  s o l u t i o n  o f  h a l f  w a t e r  a n d  h a l f  
G a t o r a d e  m a y  s p e e d  t h e  b o d i e s '  a b s o r p t i o n  o f  s u g a r  a n d  e l e c t r o l y t e s .  C u r r e n t  o p i n ­
i o n s  h o l d  t h a t  i f  a  b a l a n c e d  d i e t  i s  s e a s o n e d  s l i g h t l y  w i t h  s a l t ,  e l e c t r o l y t e  r e ­
p l a c e m e n t  i s  n o t  n e c e s s a r y .  S a l t  t a b l e t s  s h o u l d  n o t  b e  t a k e n  u n l e s s  t h e i r  a d m i n i s ­
t r a t i o n  c a n  b e  c l o s e l y  s u p e r v i s e d .  A n  e f f e c t i v e  f l u i d  r e p l a c e m e n t  c a n  b e  m a d e  b y  
a d d i n g  2 . 5  g r a m s  o f  s u g a r  t o  1  l i t e r  o f  w a t e r ,  o r  2  1 / 8  t e a s p o o n s  p e r  g a l l o n .  D o  
n o t  i n c r e a s e  t h e  a m o u n t  o f  s u g a r  p e r  g a l l o n . I f  a d d i t i o n a l  s u g a r  i s  a d d e d ,  i t  w i l l  
o n l y  s e r v e  t o  d r a w  m o r e  w a t e r  i n t o  t h e  s t o m a c h  t o  d i l u t e  t h e  s u g a r  w h i c h  s l o w s  t h e  
t i m e  n e e d e d  f o r  t h e  s y s t e m  t o  r e p l a c e  t h e  f l u i d  i t  d e s p e r a t l e y  n e e d s .  T h e  f l u i d  i s  
m o s t  e f f e c t i v e  w h e n  c o o l ,  n o t  c o l d ,  b u t  c o o l .  A c c l i m a t i z a t i o n  t o  h e a t  i s  a l s o  r e c o m ­
m e n d e d .  T h i s  m a y  b e  a c c o m p l i s h e d  i n  a  w e e k  b y  g r a d u a l l y  i n c r e a s i n g  t h e  d u r a t i o n  a n d  
i n t e n s i t y  o f  a c t i v i t y  a n d  t h e  a m o u n t  o f  c l o t h i n g  w o r n .  F o r  e x a m p l e ,  o n  d a y  o n e ,  s c h e ­
d u l e  a n  e a s y  4 5  m i n u t e  w o r k o u t  i n  s h o r t s .  D a y  t w o  m a y  b e  a n  h o u r  o f  m e d i u m  i n t e n s i t y  
i n  s h o r t s  a n d  t - s h i r t .  O n  d a y  3 ,  g o  t o  lh  h o u r s  o f  h a r d  w o r k  i n  s w e a t  p a n t s  a n d  t h e  
t - s h i r t .  D a y  4  m a y  b e  1 ^  h o u r s  o f  i n t e n s e  a c t i v i t y  i n  f u l l  s w e a t s ,  a n d  d a y  5 m a y  b e  
1 3 / 4  t o  2  h o u r s  o f  i n t e n s e  a c t i v i t y  i n  f u l l  s w e a t s .  T h e  i d e a  i s  a  g r a d u a l  p r o g r e s -  
s i o n .  R e m e m b e r  t h e  3 p e r  c e n t  r u l e ,  a n d  a l l o w  a c c e s s  t o  p l e n t y  o f  f l u i d s 1
3 .  M a k i n g  w e i g h t . W r e s t l e r s  s h o u l d  b e  e n c o u r a g e d  t o  r e d u c e  g r a d u a l l y  t o  t h e i r  d e s i r e d  
w e i g h t .  W e i g h t  l o s s  s h o u l d  n e v e r  e x c e e d  2  p o u n d s  a  w e e k .  R u b b e r  s w e a t s u i t s ,  a n d  
s p e c i a l  l a s t - m i n u t e  p r a c t i c e s  i n  c l o s e d ,  h e a t e d  r o o m s  w i t h o u t  a c c e s s  t o  f l u i d s  s h o u l d  
b e  d i s c o u r a g e d  o r  e l i m i n a t e d  a s  m e t h o d s  o f  q u i c k l y  l o s i n g  w e i g h t .  S t u d i e s  o n  h i g h  
s c h o o l  a n d  c o l l e g e  w r e s t l e r s  i n d i c a t e  t h a t  4 8  h o u r s  i s  n o t  e n o u g h  t i m e  t o  r e g a i n  t h e  
w a t e r  l o s t  w h i l e  m a k i n g  w e i g h t .  E n d u r a n c e  i s  r e d u c e d  i n  t h e s e  a t h l e t e s .  T h e  e f f e c t s  
o f  r e p e a t e d  d r a s t i c  w a t e r  l o s s  o n  g r o w i n g  c h i l d r e n  a r e  u n k n o w n ,  b u t  i t  s e e m s  w i s e  t o  
a v o i d  s h e d d i n g  w e i g h t  i n  t h i s  m a n n e r .
